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A 


COURSE  of  LECTURES 

I  N 

NATURAL  and  EXPERIMENTAL 


GEOGRAPHY  W  ASTRONOMY: 


IN  WHICH  THE 
» 

Properties,  Affections,  and  Phenomena 
of  NATURAL  BODIES,  hitherto  difcover’d, 

Are  exhibited  and  explain’d  on  the 

Principles  of  the  Newtonian  Philosophy. 


B  0  0  K  Sy  &c.  Printed  a?id  Sold  by  J.  Newbery  a7id  C.  Mickle- 
wRiGHT,  in  the  Market-Place,  Reading,  Berks  ;  cilfo  by  R.  Ware, 
S.  Birt,  and  J.  Robinson,  Boohfelle?^'s  London  5  J.  Fletcher, 
intheTml^  Oxon ;  W.  Thurlbourn  in  Cambridge;  B.  Col¬ 
lins  in  SalilLury. 


I. 

{Adorn\i  with  Copper-Plates^  Price  is.  6  d.) 
MICROGRAP  HI  A  NOVA: 

O  R, 

A  New  TREATISE  on  the  MICROSCOPE, 

AND 

MICROSCOPIC  OBJECTS. 

Containing 

J.  The  Descr.iption  and  11.  A  large  and  particular  Ac- 


Use  of  two  different 
Re  ELECTING  MiCRO- 
scoPEs,  of  a  new  Form 
and  Strudlure,  and  fur- 
nifh’d  with  a  MICRO¬ 
METER  J  'L'/a:.  one  de- 
fign’d  for  the  Pocket,  the 
other  mounted  on  a  Ball 
and  Socket,  which  ren¬ 
ders  it  of  Vnlverfal  Ufe. 


count  of  all  Kinds  of  Mi¬ 
croscopic  Objects, 
to  be  found  in  the  Human 
Body,  in  ^uadrupedes ,  in 
Fodls,  Tijhes,  InfeSls,  Rep¬ 
tiles,  Sec.  in  Plants  2iw6i  Ve¬ 
getables  of  every  kind  ;  in 
Earths,  Minerals,^.ndiFojJil 
Subfiances  •,  and  various  o- 
ther  Mifcellaneous  Subjeds. 


IV.  Chrono logical  Ta¬ 
bles  ; 

AND 

V.  Astronomical  Ta¬ 
bles. 


With  Directions  how  to  procure  and  prepare  them  for  Ufe ; 
and  divers  occafional  Remarks  interfperfed  thro’  the  whole. 

Fo  nuhich  is  added. 

An  Account  of  the  CAMERA  OBSCURA,  and 
SOLAR  M ICROSCOP L,  or  Method  of  Magnijy- 
ing  Objeds  in  a  Darken'd  Chamber,  in  every  Way  by  Re¬ 
flection  and  Refraction. 

II. 

A  large  and  beautiful  Print,  on  Imperial  Paper,  (Price  Three 
Shillings  and  Six -pence)  intituled, 

STNOPSIS  SCIENTIuE  CyELESTIS ; 

O  R, 

The  Knowledge  of  the  Heavens  and  Earth  difplay’d, 
in  a  large  Delineation  aud  Explanation  of 
T.  The  Solar  System  j 
IJ.  The  Theory  of  the 
Earth  ; 

HI.  Astronomical  Cir¬ 
cle  s  ; 

Both  thefe  by  Mr.  Benjamin  Martin,  Author  of 
the  Piiilofophical  Grammar,  lAc. 


III. 

( Printed  on  a  New  Letter,  and  Fine  Paper,  in  OFfavi 
and  Tivelves,  Price  Eight-pence,  or  Six  Shillings 
and  Six-pence  a  Dozen,  to  thofe  who  are  pioujly 
difpofed  to  give  them  away,) 

A 

Short,  Plain,  and  Practical 

EXPOSITION 

OF  THE 

P  R  AY  E  R  s,  R  u  B  R  I  c  K  s,  R  I  T  E  s,  and 
Ceremonies  authoriz’d  and  preferibed 
in  the  Book  of  Common-Prayer  of  the  Church 
of  ENGLAND. 

Containing 

The  Harmony  of  the  feveral  Parts  and  Offices,  and  the 
Subftance  of  the  Liturgical  Remarks  of  Bp.  Sparrow, 
Dr.  Comber,  Mr.  Wheatley,  and  the  other  Learn¬ 
ed  Writers  on  the  fame  Subjedt : 

Carefully  collected  into  a  narrow  Compafs,  chiefly  for 
the  Convenience  of  thofe  who  have  not  the  Opportunity 
of  perufing  many  and  larger  Books  ;  but  made  fervice- 
able  to  All  by  the  Addition  of  new  Obfervations : 
And  therefore 

Proper  to  be  bound  up  with  the  Book  of  Common-Prayer. 

- I  -ivill  p:  ay  nvith  the  Spirit,  and  I  ^ivill  pray  n.vith 

the  Underfianding  alfo -  i  Cor.  xv.  15. 

Let  all  i  kings  be  done  decently  and  in  Order,  Verf.  40 . 

IV. 

(Price  One  Shilling  and  Six-pence) 

An  ESS  AY  on  the  Cause  and  Seat  of  the  GOUT; 

In  which  the  Opinions  of  feveral  Authors  are  jconfider’d, 
and  fome  External  Operations  recommended. 

By  DALE  IN G R  A M,  Surgeon. 

De  Morhi  genio  acute  judicare,  efi  Medici ;  Medicamentorum 
formulas  deferibere,  efi  ciijufivis  fere  in  Medicind  Operarii. 
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IN  WHICH  THE 


Properties,  Af fections,  and  Ph^ n o m e n a 
of  N  AT U  R  A  L  BODIES,  hitherto  difcover’d, 


Are  exhibited  and  explain’d  on  the 

Principles  of  the  Newtonian  Phllosophy, 

Under  the  following  HEADS,  viz. 


PHYSICS;  or  the  Doflrine  of  Matter, 
and  its  eflential  Proper'ties. 

MECHANICS;  or  the  Dodlrine  of  Mo- 
TiON,  and  all  Kinds  of  Forces  and  Machines. 

HYDROSTATICS;  or  the  Nature  and 
Laws  of  Fluids  explained. 

HYDRAULICS;  or  the  Theory  of  the 
Motion  of  Fluids,  and  of  all  Kinds  of 
Water-Engines. 

PNEUMATICS;  or  the  Nature  and  vari¬ 
ous  Properties  of  the  Air  and  Atmosphere. 

PHONICS;  or  the  Theory  of  the  W inds. 


Sounds,  Mufical  Strings,  Notes,  i^c. 

LIGHT  and  COLOURS  explain’d,  ac¬ 
cording  to  the  Newtonian  Fheory. 

OPTICS;  or  the  Science  of  Vision,  and 
Theory  of  all  Kinds  of  Optical  Glajfes  and 
Infiruments. 

ASTRONOMY;  or  the  Solar  System 
of  the  Planets  and  Comets,  and  Ufe  of  the 
Celejiial  Globe,  explain’d. 

GEOGRAPHY;  or  the  Fheory^  of  the 
Earth,  and  Ufe  of  the  Ferreftrial  Globe, 
explain’d. 


Fhe  Whole  confirmed  by  Experiments,  and  illufirated  with  Copper-Plates. 

*  To  which  is  added. 

An  APPENDIX,  explaining  all  the  Characters,  Phrases,  and  difficult  Words,  which  occur  in 

thefe  Lectures,  and  other  Treatifes  of  this  Kind. 


B  E  N  J  A  M  F  N  M  J  R  r  I  N. 

^<e  toties  atiimos  veterinn  torfere  Sophorum, 

^ceque  Scholas  frujlra  rauco  certajnine  vexant,  > 

Obvia  confpicimus,  nubem  pellente  Mathefi.  '  Halley  in  Newtoni  Princip. 


READING, 

Printed  and  Sold  by  J.Newbery  and  C.  Mickle  wright,  in  the  Maket-Placc :  Alfo  by  Mcff.  Wa  re,  Birt,  Astle  y, 
Austen,  Robinson,  Dodsle  y,  and  Ne edh  am,  Bookfellers  in  ;  Mr.  Fletcher  in  Mr.TnuRL- 

"BouRN  in  Cambridge  ;  Meffi  Ward  and  Chandler,  at  To.k  and  Scarborough  ;  Mr.  Collins  in  Salijlury  ;  Mr.  Fre¬ 
derick  at  Mr.  Craighton  in  Tpfivich-,  and  Mr.  Wimpey  in  AAvlury.  MDCCXLIIi. 
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TO  THE  MOST 


CoNSPicuoiTS  and  Illustrious  YOUTH, 

f 

\ 

THE 

Earl  of  MARCH, 

ELDEST  SON  of  the 

Duke  and  Duchefs  of  RICHMOND, 

\ 

THIS 

COURSE  of  LECTURES 


I  N 

Natural  and  Experimental  PH  I  LOSOPHY 

Is  moft  humbly  Addressed  and  Inscribed 
By  His  L  6  RD  SH  I  P’s 

t 

Mojl  Obedient  and 

Mojl  Devoted  Humble  Servant^ 


Benjamin  Martin. 
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P  R  E  FAC  E. 

The  Reafon  of  my  printing  thefe  Lectures  /x,  that  they 
might  he  in  the  Hands  of  my  Subfcrihers^  to  pertfe  7tot 
only  while  they  attend  fny  LeBures^  hut  after  the  Courfe 
is  fniped^  to  retain  a?id  fix  thofe  fleeting  Ideas  which  they  acquire 
from  a  tranflent  View  of  fuch  a  Multiplicity  of  Suhje&s  and  Ex¬ 
periments,  And^  indeed^  it  is  hy  this  means  07tly  that  a  Courfe 
of  Experimental  Philofophy  can  he  7nade  of  any  fuhflantial  and_ 
lafling  Ufe  to  the  Suhfcrihers ;  who  otherwife  mufl  fi7td  it  prove 
little  7nore  than  a  fuhlime  a72d  rational  A7nufe7nent<^  for  the  infla7it  y  • 
Hours, 

My  fecondary  View  wasj  once  more  to  ferve  the  Puhlich^  hy 
prefenting  them  with  a  Courfe  of  LeElures  in  Natural  and  Expe^ 
rhnental  Philofophy  compleat,^  fo  as  to  forfn  a  general  Idea  or  Plan 
of  the  Science ;  which,  it  is  hoped,  will  he  fo  fnuch  the  77tore  ac~  ' 
ceptahle,  as  it  contains  an  Account  a7id  iyefcriptio72  of  many  new 
Inflruments  a72d  Experiments,  and  feveral  great  Pomts  of  the 
Science  explain  d,  which  are  no  where  elfe  to  he  found  in  a  Courfe 
of  Ledures.  ‘  ^ 

Agai7i\  another  thing,  which  I  had  a  principal  View  to,  was 
7ny  CharaSler  or  Reputation  as  afi  Illuflrator  of  Exper mental 
Philofophy ;  which  I  thought  myfelf  the  7?2ore  obliged  to  have  re¬ 
gard  to,  inafnuch  as  there  are  many  ignorant  and  empirical  Pre¬ 
tenders  gone  out,  who  obtr'ude  the77f elves  and  a  fpurious  Appara¬ 
tus 


P  R  E  F  A  C  E. 

tiis  0^1  the  gQod-7iatur  d  aitd  geiierotis^  Part  of  Mankind^  who  are 
720t  apt  to  fufpeB  or  thmk  ill  of  a  Perfo7t^  till  (too  late  they  find) 
they  have  been  decoy  d  a7id  deceiv  d  by  hi7n ;  and  then  they  are  pre¬ 
judiced  agamfl  a77d  rejeSl  all  Propofals  of  this  Kind  for  ever  af¬ 
ter.  Thus  is  the  77oble  Science  brought  hitb  Contetnpt  cmd  Dif- . 
repute^  by  the  Ig7tora7ice  and  Effronte7y  of  a  Set  of  Men^  who7n 
either  the  Res  angufta  domi,  or  the  Anri  facra  fames,  'will  cotnpel 
to  undertake  a77y  thi7jg. 

V  . 

t  \ 

In  the  laft  place.^  it  was  not  the  leafl  Part  of  my\  Defign.^  to 
re7tder  this  Courfe*of  LeBures  plam  a77d  tafy  to  be  underflood  by 
all  Capacities  in  general^  and  i77  parti cidar  by  the  Fair  Sex:  For 
why  fDOuld  not  the  Ladies  under Jl and  a7id  fltidy  the  Sciences .  of 
Humanity,  of  which  Philosophy  holds  the  Firft  Place?  Know¬ 
ledge  is  770W  beco7ne  a  fafnofiable  Things  and  Pliilofophy  is.  the 
Scie7ice  a  la  Mode :  He77ce.^  to  'cultivate  this  Study is  only  to  be 
m  Tafte.,  and  Politenefs  is  a7i  infeparable  Confeque?ice.  TVhere- 
fo7'e  720tbing  ca7i  be  77iore  co77fifient  a7td  rational  than  that  the  La¬ 
dies  fhotdd ftiidy  Pliilofophy;  or  7nore  77t07iflrous  and flupid.^  than 
that  0bjeBiG7t  which  is  fo77ieti77tes  7nade  agamfl  it^  viz.  That -the 
Gentlemen  will  not  like  them  fo  v/ell  for  it.  This  is  a  grofs  Re¬ 
ft  eB  ion  077  the  good  Senfe  of  Gentle7ne7i^  and  tends  to  deprive  the 
Ladies  oft  thofe  Qualities  which  would  prmcipally  reco7n7nend  thetn 
to  their  valuable  Eflee77i  and  Choice. 

Nothing  ca77  be  77iore  fhocking  tha77  to  hear  fotne  Men  vilify  this 
Noble  Scie77ce  by  aftking^  Of  what  Ufe  is  Philofophy?  What  fhall. 
we  get  by  it  ?  What  ihall  we  be  the  better  for  it  ?  and  fuch-like 
derogatory  and  abfurd  Queries.  If  they  thinkj  as  they  are  forne- 
twies  pleafed  to  fay^  That  Philofophy  is  a  Thing  out  of  their  Way, 
it  would  7nuch  becorne  the77i  not  to  prete7id  to  Hurnanity^  or  any 
Degree  of  Rationality.^  which  rnifi  be  extremely  abfurd  and  ridi¬ 
culous  ;  artd  I  fall  take  the  Liberty  to  rnake  them  a  particular 
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Clafs  or  Species  of  BemgSy  under  the  T^itle  of  Hominiform  "Ani¬ 
mals,  or  a  Species  {m  Generis. 

Biity  without  defg7nng  a  Panegyric  077  Philofophyy  1  will  ven¬ 
ture  to  ajferty  that  there  is  no  Art,  Profeffion,  or  Buiinefs  of  Lifey 
wherein  an  i7itellige?it  Artifl  will  770t  fi7'id  the  greatef  Se7'vice  and 
mof  beneficent  Efe&s  redound  fir 07n  this  Scie7tce»  Does  not  every 
one  knowy  that  Religion  is  founded  wholly  i?i  Philofojphy,  or  a 
true  Knowledge  of  Nature  ?  Is  it  770t  fro77t  thence  that  we  have 
the  firfl  and  truejl  Notions  of  the  Divine  and  Adorable  Creator 
of  all  Things y  and  the  7770 f  direEl  and  cogent  Argu77ie7tts  for  his 
Exiftence  and  Perfedions?  In  forty  dis  a  Contradi8lio7i  to  call 
any  Man  a  Divine  or  Theologift,  who  is  not  a  good  Philofopher. 

Again\  in  regard  of  Pharmacy,  Medicine, 

no  Man  of  co7n7non  Modefy  can  prete7id  to  the  leajl  Merit y  Cha- 
raSiery  or  yudgtnent  in  thefe  ArtSy  who  does  not  under f  and  the 
Power  and  Agency  of  the  corpufcular  Parts  of  Mattery  and  the 
different  Effe&s  arifing  fro7n  the  various  Mixtures  and  Affocia- 
tions  of  the  original  Particles  of  Matter  in  heterogeneous  Bodies ; 
the  various  Hydroftatic  and  Hydraulic  Laws  of  Fluids ;  the  Parts 
and  StruSlure  of  an  Animal  Body\  the  Animal  Oeconomyy  and 
the  htfluences  of  the  Sun  and  Moon  upon  it :  The  Principles  of 
Vihich  are  no  where  to  be  fou77dy  but  in  the  feveral  Bra7iches  of 
this  Science* 

As  to  Opticians,  the  Theory  of  their  Art  wholly  depends  on 
Philofophy,  or  rathery  it  makes  the  tnojl  delightful  Part  of  the 
Science  itfelf*  No  Man  therefore  7nufl  pretend  to  underfiand  the 
Naturey  StruSiurey  or  EffeEls  of  a  Microfcope,  a  Telefcope,  or 
a  Pair  of  common  Spedacles,  yeay  nor  eve77  the  Naticre  and  Ufe 
of  his  own  Eyes,  who  has  not  tnade  fo7ne  confderable  Progrefs  in 
the  Study  of  Philofophy. 


In 
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In  Navigation,  Surveying,  Dialling,  &c.  who  knows  not 
the  Ufe  of  the  Loadfo7U^  a?id  the  M.ag77etical  Needle?  A7id  how 
aukward  77:iifl  an  Art  if  of  this  So7't  appear^  who  is  acquainted 
with  no  other  Property  of  this  wotiderful  Body^  but  that  which 
77iakes  his  Needle  point  Northwards  ? 

In  Gunnery,  the  Engineer  fittds  the  whole  'Theory  of  his  Art 
fou77ded  in  Philofophy,  viz.  in  the  Dodrine  of  Projediles,  and 
the  Motion  of  heavy  Bodies  falling  freely  by  the  Power  of  Gra¬ 
vity.  Fro7n  hetice  alone  he  can  difcover  that  the  Path  of  the  Boftib 
is  a  Parabola,  attd  what  relates  to  the  htipetus^  Elevation^  Titne^ 
and  Random  of  the  Shot  or  Proje&ion. 

Astronomy  owes  all  its  Principles  to  Obfervation  a7id  Experi- 
ments.^  and  confequetitly  to  Philofophy.  The  general  Lawy  which 
all  the  Heavenly  Bodies  obferve^  is  co7tfor777able  to  the  Laws  of 
Gravity y  or  the  DoSlritte  of  Central  Forces,  as  I  have  fjewn  ht 
its  Place.  But  why  fooidd  1  7ne77tio7t  P articular Sy  whett  the  whole 
Science  tnakes  but  a  particular  Bra77ch  of  Philofophy  ?  . 

I 

Geography  is  etnploy  d  wholly  in  philofophical  Speculations y  re- 
latitig  to  the  Form  or  Figure,  the  Magnitude,  the  Motions,  or^ 
Gravity  of  the  Earthy  the  Variations  and  Viciffitudes  of  the  Sea- 
fons ;  the  Divifon  of  the  Surface  into  Land  andNdOitvi  Attd 
77ia77y  other  AffeEliotis  of  Motnent  cati  ottly  be  well  uttderfoodfrottt 
a  philofophical  Account  thereof. 

Even  Poetry  borrows  frofn  this  Science  thofe  Ideas y  Defer ip- 
tionSy  and  SubjeBsy  which  7710 f  of  all  ennoble  ity  and  77take  it  ap¬ 
pear  infpired  and  fublitne.  Hence  all  our  great  Poets  C077fantly 
invoke  the  Philofophic  Mufe,  (the  Dulces  Mufag  of  Virgil)  witnefs 
Heliod  a77d  Homer,  Virgil  and  Ovid,  Milton  and  Pope ;  whofe 

Natties 
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Names  and  Poems  nothmg  can  more  contribute  to  eternize^  tha?i 
thofe  fine  and  lofty  RefieEiio?is  a7td  StriEiures  ofi  Natural  Science^ 
which  dijlinguijlj  their  W orks  from  the  Produ&ions  of  inferior 
Genii. 

But  what  needs  Prolixity  f  Is  7tot  all  Mechanics,  and  every 
Mechanic  Ar,t  or  Trade^  fotmded  in  Philofophy  ?  Ca7i  a7iy  Man 
account  for  the  EffeBs  of  the  Hammer,  the  Chifel,  the  Sciffars, 
( thofe  vulgar  Machmes )  not  to  mentio7t  the  Lever,  the  Pulley,  the 
Screw,  E^c.  without  fome  Degree  of  Philofophy  ?  I  afifr7n  he  can¬ 
not  ;  and  further^  that  thofe  who  lear7t  the  praElical  Party  with¬ 
out  knowing  any  thing  of  the  Tlheory  or  Reafon  of  what  they  doy  are 
to  he  confider  d  in  the  farne  V tew  with  the  loquacious  Parrot,  and 
?ni77iic  Chimpanzee,  rather  tha77  hu7nan  or  rational  Artifls :  For 
it  7nufl  be  with  the  utmofl  Impropriety  that  we  call  thofe  Creatures 
rational,  who  underftand  not  the  Reafon  of  Things  in  general. 

And  to  the  End  that  770  ObjeBion  may  lie  againfl  the  Study  of  fo 
valuable  a7'id  ufeful  a  Scie77cey  I  have  added  an  Appendix,  giving 
an  Explication  of  all  difpctdt  TV ordsy  TertnSy  and  CharaEierSy 
which  are  tfed  and  do  often  occur y  770t  077ly  in  the  Courfe  of  thefe 
Ledlures,  hut  in  all  other  Books  of  moder77  Datey  on  this  SubjeEL 
Alfo  a  cofnpleat  Index  is  fubjGi77edy  referring  to  the  Pages  where, 
every  TV ord  or  important  Point  is  explamd. 

In' the  lafi  place y  Ge7itle7nen  will  here  find  a  Defcription  and 
Prints  of  feveral  new  Philofophical  Inftruments  and  Experiments 
no  where  elfe  to  he  77iet  with.  TEhe  Experitnents  a7^e  all  nutnber  d 
or  regiflerd  m  the  Marginy  the  better  to  affifl  the  Me7noryy  and 
to  avoid  Confufio7i :  Aijdy  in  fhorty  I  have  C7nitted  nothing  that  I 
know  ofy  which  could  be  doney  to  fnake  every  thing  as  eafy  and  in¬ 
telligible  as  the  Nature  of  the  SubjeEly  a77d  the  Litnits  of  the 
TV orky  would  adfttit* 

To 
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‘To  conclude^  I  fuppofe  7io  Perfon  has  fo  fmall  a  Shaf^e  of  Senfe^ 
as  to  imaghie^  that  becaufe  we  have  attempted  to  affig7t  the  Reafo7i 
of  ma?iy  Phmgs^  we  do  therefore  pretend  to  account  for  all  the 
Phasnomena  of  Nature :  Or,  on  the  other  hand^  becaufe  all  T'hings 
are  7tot  to  be  u77derfood^  we  are  therefore  not  coticerTt  d  to  account 
for  any.  Tis  certaitily  eve7y  Man  s  natural  Duty  to  learn  attd 
teach  as  7nuch  as  he  can  of  the  wo7iderful  TV orks  and  furprizmg 
Operations  of  Nature ;  a77d  to  ad77iire  the  ref.^  and  adore  their 
i7if77itely  wife  and  powerful  Creator  ;  accordmg  to  the  Poety 

- Nam  Rerum  Parens, 

Libanda  tantum  quas  venit  mortalibus, 

Nos  fcire  pauca,  multa  mirari  jubet. 
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LECTURE  I. 


^  M  ^  H  E  Bufinefs  of  Experimental  Pliilofophy,  (the  Sub‘e£t 
i  of  this  Courfe  of  Le^ures,)  is  to  enquire  into  and  invefti- 
.JL  gate  the  Reafon  and  Caufes  of  the  various  Appearances 
(or  Phcenome77a)  of  Nature;  and  to  make  the  Truth  or  Probabi¬ 
lity  thereof  obvious  and  evident  to  the  Senfes,  by  undenia- 

bhy  and  adequate  ExperhnentSy  reprefenting  the  feveral  Parts  of 
the  grand  Machinery  and  Agency  of  Nature. 

In  our  Enquiries  into  Nature  vve  are  to  be  condudled  by  thofe 
Rules  and  Maxims  which  are  found  to  be  genuine,  and  con- 
fonant  to  a  juft  Method  of  Phyftcal  Reafoning ;  and  thefe  Rules 
of  Philofophizing  are,  by  the  greateft  Mafter  in  this  Science,  (the 
incomparable  Sir  Ifaac  Newton^)  reckon’d  Four;  which  I  ihall 
give,  from  his  Prmcipiay  as  follows : 

RULE  I.  More  Caufes  'of  7'iatural  TToings  are  not  to  he  ad~ 
7nittedy  than  are  both  true  and Jufficient  to  explain  the  Phce7W7ne7ta, 
For  Nature  does  nothing  in  vain,  but  is  ftmple,  and  delights  not 
in  fuperfluous  Caufes  of  Things. 

RULE  II.  A7'id  therefore  of  statural  EffeEls  of  j he  fasne 
Khidy  the  fasne  Caufes  are  to  be  a(f7g7{dy  as  far  as  it' can  be  doTte, 
As  of  Refpiration  in  Man  and  Beafts :  Of  the  Defcent  of  ^  Stones 
in  Europe  and  Asnerica:  Of  Light  in  a  culinaiy  Fire  aiijd  -in  the 
Sun :  And  of  the  Refledion  of  Light  in  the  Earth  and  dn  the 
Planets.  '  < 
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RULE  III.  *The  Qualities  of  natural  Bodies  which  cannot  he 
increafed  or  dimini f d d^  a?id  agree  to  all  Bodies  m  which  Experi¬ 
ments  can  be  made^  are  to  be  reckon  d  as  the  ^gialities  of  all  Bo¬ 
dies  whatfoever.  Thus  becaufe  Extenfion,  Divdfibility,  Hardnefs, 
Impenetrability,  Mobility,  the  Vis  hiertice^  and  Gravity,  are  found 
in  all  Bodies  which  fall  under  our  Cognizance  or  Infpedlion,  we 
may  jufUy  conclude  they  belong  to  all  Bodies  whatfoever ;  and 
are  therefore  to  be  efteemed  the  original  and  univerfal  Properties  - 
of  all  natural  Bodies. 

RULE  IV.  In  Experimental  Philofophy^  Propoftions  colleSied 
from  the  Ph(^no7nena  by  InduSiion^  are  to  be  deeml d  ( notwithjland- 
ing  contrary  Hypothefes J  either  exaElly  or  very  nearly  true^ 
till  other  Phcenomena  occttr  by  which  they  7nay  be  render  d  either 
more  accurate^  or  liable  to  Exception.  This  ought  to  be  done^ 
left  Arguments  of  Indudlion  fhould  be  deftroy’d'  by  Hypothefes. 

If  according  to  thefe  Rules  we  take  a  Survey  of  the  vifible 
World,  and  ftridtly  examine  the  Nature  of  particular  Bodies,  we 
fhall  find  that  they  all  confift  of  one  and  the  fame  Sort  of  Matter 
or  Sub  fame ;  and  that  all  the  Diverfity  or  Diflerence  we  obferve 
among  them  arifes  only  from  the  various.  Modifications  and  dif¬ 
ferent  Connedlion  or  Adhefion  of  the  fame  primigenial  Particles 
of  Matter. 

Matter,  thus  varioufly  modified  and  configurated,  conftitutes 
an  infinite  Variety  of  Bodies,  all  which  are  found  to  have  the 
following  co7n7no7t  Properties^  viz. 

EXTENSION,  or  that  by  which  it  poflefles  or  takes  up 
fome  Part  of  univerfal  Space;  which  Space  is  call’d  the  Place  of 
that  Body.  For  all  Bodies  are  exte7tded  either  (i.)  into  Length 
only,  and'  then  it  is  called  a  Line  ;  or  (2.)  into  Le77gth  and 
Breadth.^  which  is  call’d  a  Superficies  ;  or  (3.)  into  Lengthy 
Breadth.^  and  Depth which  then  is  call’d  a  Solid.  Thefe  are 

the 
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the  three  Dimenjtonsy  according  to  the  Quantity  of  which  the 
Macrnitude  or  Bulks  of  Bodies  are  cftimated. 

o  •  <  ' 

SOLIDITY,  fometimes  called  the  Impenetrability  of  Mat¬ 
ter,  is  that  Property  by  which  a  Body  excludes  all  others  from 
the  Place  which  itfelf  poflefleth ;  for  it  would  be  abfurd  to  fup- 
pofe  two  Bodies  could  pofl'efs  one  and  the  fame  Place  at  the  fame 
Time.  From  this  Definition  it  follows,  that  xh^foftej}  Bodies  are 
equally  folid  with  the  hardejl. 

DIVISIBILITY  is  that  Property  by  which  the  Particles  of 
Matter  in  all  Bodies  are  capable  of  a  Separation  or  Difunion  from 
each  other.  Hence  Refolution  or  Dijfolution  of  Bodies  into  their 
conftituent  Corpufcles,  as  in  many  Operations  of  Chemiflry. 
How  far  this  may  actually  obtain  in  Nature  is  not  eafy  to  fay : 
But  that  Matter  is  infinitely  divifible  in  a  mathematical  Confide- 
ration,  is  demonftrable  various  Ways. 

MOBILITY  is  that  Property  which  all  Bodies  have,  of  being 
moveable  or  capable  of  changing  their  Situations  or  Places.  This 
Property  of  Matter  is  evident  to  all  our  Senfes ;  and  to  deny  it 
would  be  an  Abfurdity  too  flagrant  for  any  but  a  Cartefean  Phi- 
lofopher. 

The  vis  INERTI^T,  (as  Sir  Ifaac  called  it)  or  the 
aBivity  of  Matter,  is  that  Property  of  it  by  which  it  endeavours 
to  continue  in  its  State  either  of  Motion  or  Rejl^  or  by  which  it 
refifts  the  Adions  and  Imprefllons  of  all  other  Bodies  which  tend 
to  generate  or  deftroy  Motion  therein, 

ATTRACTION  is  a  Property  that  we,  find  all  Matter  en- 
^  dued  with  in  a  greater  or  a  leffer  Degree :  By  this  Property  the 
Particles  of  Matter  attrad  each  other  by  a  Power  which  caufes 
them  mutually  to  accede  to,  or  approach  each  other.  This  Ten¬ 
dency  of  one  Body  to  another  is  commonly  called  Gravitation, 
with  refped  to  the  AB ;  but  in  regard  of  the  Powerj  it  is  called 
the  Gravity  or  Weight  of  Bodies. 
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REPULSION  feems  to  be  a  Property  belonging  to  the  fmall 
Particles  of  Matter  univerfally ;  for  they  do  not  more  evidently 
attraB  in  fome  Grcumftances,  than  they  repel  each  other  in  others, 
as  will  be  evident  by  Experiments,  hereafter  to  be  exhibited. 

These  are  the  general  Properties  of  Matter,  which  we  miift 
regard  in  our  Explications  of  the  various  Phenomena  of  Nature, 
in  the  Senfe  we  have  defined  them.  Thefe  are  the  feveral  Data^ 
or  fundamental  Principles  on  which  the  Science  of  Philofophy  de¬ 
pends,  and  which  will  each  of  them  afford  an  ample  Field  both 
in  the  fpectdative  and  praBical  Part.  We  fliall  (for  the  fake  of 
good  Method)  begin  with  the  AttraBion  of  Bodies,  confider  its 
feveral  Species,  and  prove  their  Exiffence  and  the  Properties  of 
each  by  Experiments., 

The  Power  of  AttraBion.,  or  Gravity  its  Effe6f,  we  prefume 
^  not  to  define,,  or  fay  what  it  is,  but  only  that  it  is,  or 
does  exifl ;  and  the  Laws  of  its  Action  we  fhall  endea¬ 
vour  to  aflign  by  what  may  be  difcover’d  by  Reafon  and  Experi¬ 
ment.  To  this  End  we  muff  confider,  that  a7ty  Kind  of  Power  or 
Virtue j  proceeding  or  propagated  from  a  Body  in  Right  Lines 
every  way  as  from  a  Centre.^  muf  decreafe  in  its  Strength  or 
Energy  as  the  Squares  of  the  Diftances  from  the  Body  increafe ; 

^  for  ’tis  evident,  the  Force  will  be  every  where  as  the 
Number  of  Particles  iffuing  from  the  central  Body  on 
a  given  Space,  which  Number  of  Particles  will  decreafe  as  the 
Squares  of  the  Diftances  increafe.  Thus  the  Number  of  Particles 
w.hich  at  any  oiie  Difiance  AB,  from  a  Point  in  the  Body  at  A, 
fhils  on  a  Square  Inch  BE  F  G,  will  be  four  times  as  great  as  the 
NumEer  which  falls  on  a  Square  Inch  C  H I K  at  twice  that  Di- 
ftance  AC;  and  nine  times  as  great  as  the  Number  which  falls 
on  the  faid  Square  Inch  DLMN  at  three  times  that  Diftance 
AD ;  and  fo  on,  as  is  evident  from  the  Diagram. 

Hence,  fmce  we  have  no  Reafon  to  doubt  but  that  all  Kinds  of 
Attradion  confift  in  fine  imperceptible  Particles  or  invifible  Efflu¬ 


via, 
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via,  which  proceed  from  every  Point  in  the  Surface  of  the  attrad:- 
ing  Body,  in  all  right-lined  Directions  every  way,  which  in  their 
Progrefs  lighting  on  other  Bodies,  urge  and  folicit  them  towards 
the  fuperior  attracting  Body ;  therefore  the  Force  or  Intenfity  of 
the  attracting  Power  in  general  mufl:  always  decreafe  as  the  Squares 
of  the  Diftances  increafe. 

H  ENCE  alfo  we  may  obferve,  by  the  way,  that  Light  and 
Heat,  Odours  and  Perfumes,  which  confift  of  Particles 
or  Effluvia  that  proceed  every  way  from  luminous, 
heated,  and  odoriferous  Bodies,  as  from  a  Centre,  have  always 
their  Forces  abated  according  to  the  above  Law.  The 
Force  of  Sounds  alfo  decreafes  in  the  fame  Proportion, 
for  Reafons  that  will  be  hereafter  aflign’d. 

By  virtue  of  attracting  Power,  the  grand  Machinery  of  the 
Solar  Syltem,  and  doubtlefs  of  all  the  others  in  the  Univerfe,  is 
.effected,  eftabliftied,  and  conferved.  .  It  is  therefore  of  the  greateft 
Confequence^  to  be  acquainted  with  the  different  Species  of  this 
univerfal  Power  or  Agent,  and  to  learn  by  Experiments  the  pecur 
liar  Nature,  Laws,  or  Manner  of  ACtion  in  each.  By  the  niceff 
Enquiry  and  Obfervations  of  Naturalifts  there  are  difcover’d  Four 
different  Sorts  of  Attraction,  viz. 

I.  The  AtraSiion  of  Cohesion,  which  is  peculiar  to  the  Cor- 
pufcles  or  primigenial  Particles  of  Matter,  of  which  larger 
Bodies  are  compofed,  by  the  Accretion  and  firm  Adhefion  of 
thofe  Particles,  arifing  from  their  flrong  attractive  Power. 

II.  The  Attra&ion  of  which  is  peculiar  to  fome 

Kinds  of  Bodies,  as  Glafs,  Amber^  Sealing- Vf ax,  which 

are  therefore  call’d  Eleciricai, 

III.  The  AttraEiiou  ^Magnetism,  or  of  the  Loadflone, 
which  is  peculiar  to,  and  mutual  between  the  Loadflone  and  Iron. 

IV.  The  AttraEiio?t  of  Gravitation,  which  is  obfervable  on¬ 
ly  in  the  larger  Compofitions  and  Syflems  of  Matter  ;  as  in  the 
Earth  and  Moon^  and  the  Sun  and  Planetary  ' Bodies  which  com- 
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pofe  the  Solar  Syftem.  Of  each  of  thefe  Species  of  Attraction  in 
Order ;  and  iirft, 

Of  the  AttraEiion  of  Cohesion:  The  Laws  and  Properties  of 
this  Attraction  are  the  following,  (i.)  It  is  very  difcernible  and 
moft  powerful  in  Corpiifcles,  or  the  fmalleft  Particles  of  Matter. 
(2.)  It  is  mutually  exerted  between  thofe  Particles;  or  they  mu¬ 
tually  attraCt,  and  are  attracted  by  each  other.  (3.)  The  Sphere 
of  Attraction,  or  Extent  of  this  Powder,  is  greater  in  lome  Particles 
of  Matter  than  in  others,  but  very  fmall  at  the  utmoft :  For  (4.) 
This  Power  is  infeniible  in  folid  Bodies  in  the  leaft  fenfible  Di- 
ftance,  aCting  as  it  were  only  on  ContaCt;  and  therefore,  (5.)  It 
muft  be  nearly  proportional  to  the  Quantity  of  contiguous  Sur¬ 
faces  ;  or  the  Parts  of  Bodies  cohere  moft  flrongly,  whofe  touch¬ 
ing  Surfaces  are  largeft.  6.  This  Power  is  fuppofed  to  decreafe 
much  fafter  than  the  Squares  of  the  Diftances  increafe ;  but  no¬ 
thing  certain  can  be  determined  in  this  refpeCt.  (7.)  Where  the 
Sphere  of  Attraction  ends,  there  a  Repelling  Power  begins,  by 
which  the  Particles,  inflead  of  attraEling^  repel  and  fly  from  each 
other.  (8.)  By  this  Power  the  fmall  Portions  or  Drops  of  a  Fluid 
conform  themfelves  to  a  fpherical  Figure. 

The  firft  and  fecond  of  thefe  Properties  are  made  manifefl  by 
various  Experiments ;  as  the  hidden  Union  of  two  con- 
'  tiguous  Drops  of  Mercury,  Water,  The  ftrong  Ad- 
hehon  of  two  Leaden  Balls,  which  touch  by  polifh’d 
Surfaces ;  as  alfo  of  Glafs  Planes,  and  Cryftal  Buttons : 
The  Afcent  of  Water  between  Glafs  Planes,  and  in  Ca¬ 
pillary  Tubes:  The  rifing  of  Water  by  the  Sides  of  a 
Glafs  Veflel,  and  into  Tubes  of  Sand,  Afhes,  Sugar, 
Sponge,  and  all  porous  Subftances. 

The  third  of  thefe  Properties  is  evident  by  the  Experiments  of 
Exp.iG.iy,  Water  rifing  above  the  common  Level,  and  Mercury’s 
finking  below  it,  in  Capillary  Tubes :  By  the  flicking 
19.  or  adhering  of  Water  to  common  Subflances,  which  by 
Mercury  are  left  dry.  The 
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The  fourth  and  fifth  Properties  are  evinced  by  the  Experiments 
of  the  different  Heights  to  which  Fluids  afcend  be¬ 
tween  Glafs  Planes  unequally  inclined,  and  in  Capil¬ 
lary  Tubes  of  different  Bores:  Alfo,  by  the  accelerated 
Motion  of  a  Drop  of  Oil  between  two  inclined  Planes : 

And  likewife  by  the  Hyperbolical  Curve  form’d  by  the 
Superficies  of  a  Fluid  afcend ing  between  Glafs  Planes 
touching  each  other  on  one  Side. 

The  fixth  Property  is  not  to  be  determined  by  any  Experi^ 
mental  Proof.  The  feventh  feems  evident  between  fat 
and  oily  Particles  of  Matter.^  and  thofe  of  an  aqueous 
Nature :  But  is  moft  manifeft  from  the  Elaftic  Proper¬ 
ty  of  the  Air,  whofe  Particles  comprefs’d  together  re- 
ftore  themfelves  by  this  repellent  Power  to  their  firft 
State :  Alfo  by  the  Afcent  of  Steam  or  V apour  from 
humid  or  fluid  Bodies :  And  laftly,  by  the  following 
Experiment,  which  demonftrates  alfo, 

The  eighth  Property  of  this  Attraction,  viz.  by 
Drops  of  Water  falling  on  Duff;  by  Drops  of  Dew. 
gathering  on  the  Tops  of  Grafs ;  and  laftly,  by 
Quickfilver  divided  into  fmall  Portions,  which  always 
form  themfelves  into  perfect  Spherules  or  Globules. 

From  this  Account  of  the  AttraElion  of  Cohefion  we  learn  a  ra¬ 
tional  Solution  of  feveral  very  curious  and  furprizing  Phaiiiomena 
of  Nature :  As  why  the  Parts  of  Bodies  adhere  and  flick  fo  firm¬ 
ly  together ;  why  fome  are  hard.^  others  foft ;  fome  fix" dy  others 
fluid ;  fome  elaftic.^  others  void  of  a7iy  elajlic  Quality ;  which  all 
arife  from  the  different  Figure  of  the  Particles,  and  the  greater  or 
leffer  Degree  of  Attraction  confequent  thereupon.  Hence  tlie^ 
Reafon  why  Flies  walk  on  the  Surface  of  the  Water;  and  wet 
not  their  Feet.  On  this  Principle  we  account  for  the  Manner  how 
Plants  imbibe  the  nutritive  Juices  or  Moiflure  of  the  Earth  by  the 
Fibres  of  the  Roots :  Alfo  for  the  Rife  of  the  Sap  in  Vegetables, 

and. 
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and  for  the  whole  Oeconomy  of  Vegetation  in  general.  Hence 
the  Rationale  of  the  various  Secretions  of  Fluids  by  the  Glands  of 
an  Animal  Body,  and  their  wonderful  Circulation  through  the 
fine  Capillary  Veffels.  Hence  alfo  the  Reafon  of  Soldering  and 
Gilding  of  Metals;  alfo  of  Melting  or  Fufion  by  Heat.  Hence 
alfo  the  Exhalation  of  Vapours  by  the  Fleat  of  the  Sun  or  Fire ; 
the  Ao-gregation  of  aqueous  Particles  in  the  Air,  forming  the 
Drops  of  Rain.  We  hence  fee  the  Reafon  of  Diftillation,  Filtra¬ 
tion,  DilTolution,  Digedion,  Sublimation,  Precipitation,  Cryftalli- 
zation,  and  all  the  other  Operations  of  Chemiiiry  and  Pharmacy, 
which  are  no  otherway s  to  be  accounted  for.  Laftly,  v/e  find 
Sir  IJaac  Newton  (at  the  latter  End  of  his  Optics)  gives  a  beauti¬ 
ful  and  clear  Solution  to  thofe  wondrous  Ph^enomena  of  fubterra- 
nean  Accenfions  and  Explofions ;  of  Volcano’s  and  Earthquakes ; 
of  Hot  Springs,  Damps,  and  fufiocating  Exhalations  in  Mines, 
on  the  Principles  of  this  Sort  of  Attradion  and  Repulfion. 

The  Second  Species  of  Atti^aBion  is  that  of  Electrical  Bodies, 
as  Glafsj  A^nber^  Sealing-Wax^  Jet^  &c.  the  princi- 
Exp.  30.  pal  Properties  of  which  are  as  follow,  (i.)  Thofe  Bo¬ 
dies  at  trad  others  which  are  very  light,  as  Feathers, 
Flairs,  Leaf-Brafs,  ^c,  (2.)  The  Sphere  or  Extent  of  this  at- 

trading  Power  is  at  the  Diftance  of  feveral  Feet;  but,  (3.)  It  va¬ 
ries  with  the  State  of  the  W eather,  being  greatefl:  in  hot  and  dry 
Weather,  but  weaker  in  warm  and  moift.  (4.)  It  may 
be  communicated  to  a  great  Diftance,  viz,  feven  or 
eight  hundred  Yards,  by  the  Intervention  of  a  proper 
Body,  as  Hempen  Strings,  ^c.  (5.)  This  Virtue  is  ex¬ 

cited  by  Attrition,  or  hard  Rubbing  by  the  Hand  or 
with  a  Piece  of  Cloth,  but  will  not  be  produced  by  the 
Warmth  of  Fire.  (6.)  It  penetrates  or  pervades  the 
Pores  of  Glafs ;  and,  (7.)  It  may  be  communicated  to 
other  Bodies,  fo  as  to  render  them  eledrical.  (8.)  If 
the  Sphere  of  Attradion  be  interrupted  on  any  Part,  it 

deftroys 
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■deftroys  the  Efficacy  of  the  Whole.  (9.)  By  this  Vir- 
tue  Bodies  are  not  only  attracted,  but  alfo  repelled  al¬ 
ternately  to  a  very  fenlible  Diftance,  and  with  a  fur- 
prihng  Velocity.  (10.)  The  Body  once  repelfd  from  36. 
the  Tube,  will  not  be  again  attracted  by  it,  till  it  has 
foil  touch’d  fome  other  Body.  .  (ii.)  Bodies  attracted, 
and  flicking  to  the  Tube,  will  be  then  attraded  by 
other  Bodies  not  eledrical ;  as  the  Finger, 

(12.)  This  Virtue  will  exert  itfelf  in  Vacuo^  as  well  as  38. 
in  open  Air.  (13.)  It  appears  lucid,  and  fparkles  like  39. 

Fire,  in  a  dark  Room.  (14-)  It  is  alfo  fenfible  to  the  40. 

Ear  by  a  crackling  Noife,  like  a  green  Leaf  in  the  Fire. 

The  Third  Species  of  AttraEiion  is  that'of  the  Magnet,  or 
Loadstone  ;  the  primary  Properties  whereof  are  the 
following,  (i.)  Every  Loadftone  has  two  Points  call’d 
Poles j  which  emit  the  Magnetic  Virtue.  (2.)  One  of  42. 
thofe  Poles  attrads,  the  other  repels  Iron^  but  no  other 
Body.  (3.)  This  Virtue  is  communicated  to  Iron  very  4^. 
copioufly  by  the  Touch,  which  renders  it  flrongly  Mag¬ 
netic.  (4.)  A  Piece  of  Iron  fo  touch’d  by  the  Load-  44. 
ftone,  and  nicely  fufpended  on  a  ffiarp  Point,  will  be 
determined  to  fettle  itfelf  in  a  Diredion  nearly  North 
and  South,  (5.)  The  End  of  the  Needle  touch’d  by  45. 
the  South  'Pole  of  the  Stone  will  point  Northwards ; 
and  the  contrary.  (6.)  Needles  touch’d  by  the  Stone  will  ^5. 
dip  below  the  Horizon,  or  be  direded  on  the  touch’d 
Part  to  a  Point  within  the  Earth’s  Surface.  This  is  call’d 
the  Dipping  Needle,  (7.)  This  Virtue  is  alfo  to  be  47- 
comrnunicated  to  Iron,  by  a  ftrong  Attrition  all  one 
way;  whence  Files,  Drills,  are  always  found  to  be 
Magnetical.  (8.)  Iron  Rods  or  Bars  acquire  a  Magne-  48- 
tic  Virtue  by  Banding  long  in  one  Pofition.  (9.)  Fire  .  49* 
totally  deftroys  this  Virtue  by  making  the  Stone  or  Iron  red  hot. 

C  ^  (10.)  It 
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Exp.  so.  (lo-)  Power  is  exerted  fenfibly  to  the  Diftance  of 
feveral  Feet,  (ii.)  It  is  fenfibly  continued  through 
tlie  Subftance  of  feveral  contiguous  Bodies  or  Pieces  of 
Iron,  KeySj  &c.  (12.)  It  pervades  the  Pores  of  the 

hardeft  Bodies ;  and  (13.)  equally  attracts  the  Iron  m 
Vaciw.^  as  in  open  Air. 

These,  and  many  others,  are  the  Properties  of  a  Body,  not 
more  wonderful  than  ufeful  to  Mankind. 
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The  Fourth  and  lajl  Species  of  AttraSiion  is  that  of  Gra¬ 
vitation,  which  is  evident  only  between  large  Bodies,, 
as  the  Earth  and  Moon,  and  the  Sun'  and  its  Planetary 
Attendants.  The  Laws  of  this  Attraction  are  as  fol- 
Exp.  54.  lows,  viz,  (i'.)  It  is  common  to  all  Bodies,  and  mutual 
between  them.  (2.)  It  is  proportional  to  the  Quantity 
of  Matter  in  Bodies.  (3.)  It  is  exerted  every  way  from  the  Cen¬ 
tre  of  the  attracting  Body  in  Right-lined  Directions^ 
55-  ‘  (4.)  It  decreafes  as  the  Squares  of  the  Dillances  increafe. 

That  is,  if  a  Body  at  A,  on  the  Earth’s  Surface,  diftant 
Fig.  II.  o?ie  Semidiameter  from  the  Centre  C,  weighs  3600 
Pounds,  it  will  at  the  Diftance  of  2,  3,  4,  5,  6,  Semi¬ 
diameters  weigh  900,  400,  225,  145,  100  Pounds;  which  Num¬ 
bers  decreafe  as  the  Squares  of  the  Diftances  4,  9,  16,  25,  36,  in¬ 
creafe. 

Hence  we  learn  that  all  Bodies  have  Weight.^  or  are  heavy  \  and 
that  there  is  no  fuch  Thing  as  abfolute  Levity  in  Nature :  And  by 
the  fecond  Law,  the  Weight  of  all  Bodies  is  proportional  to  the 
Quantity  of  Matter  they  contain ;  and  hence,  fince  Bodies  of  equal 

,  Bulks 
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Bulks  are  found  to  have  unequal  Quantities  of  Matter,  it  evident¬ 
ly  follows,  that  a  V acuum^  or  Space  void  of  Matter,  mu  ft  neceifa- 
rily  exift,  and  that  an  abfolute  Pleimm  is  a  Dodlrine  unphilofo- 
phical,  and  equally  falfe  and  abfurd. 

Also,  from  the  third  Law  it  follows,  that  all  Bodies  defcending 
freely  by  their  Gravity,  tend  towards  the  Earth  in 
Right  Lines  perpendicular  to  its  Surface ;  and  with  Exp.  56. 
equal  Velocities,  (abating  for  the  Reftftance  of  the  Air) 
as  will  be  evident  by  the  fecond  Law  above,  and  what  will  imme¬ 
diately  follow  in  Mechanics. 

Again  :  Since  the  Attraction  is  always  direCtly  as  the  Quantity 
of  Matter,  and  inverfely  as  the  Square  of  the  Diftance,  it  fol¬ 
lows,  that  were  the  internal  Parts  of  the  Earth  a  perfeCl  Void,  or 
hollow  Concavity,  a  Body  placed  any  where  therein  would  be  ab- 
folutely  light,  or  void  of  Gravity ;  but  fuppoftng  the  Earth  a  fo- 
lid  Body  throughout,  the  Gravity  from  the  Surface  to  the  Centre 
will  decreafe  with  the  Diftance,  or  it  will  be  directly  proportional 
to  the  Diftance  from  the  Centre. 

H  AviNG  premifed  the  neceflary  Prcecognita  to  the  Science  of 
Mechanics,  which  entirely  depends  on  the  Principle  of  Gravita¬ 
tion,  we  come  immediately  to  conftder  the  ObjeCt  thereof,  viz. 
The  Nature.^  Kinds.,  and  various  Affe&io?ts  of  Motion,  and  mo¬ 
ving  Bodies ;  and  the  Structure  and  Mechanifm  of  all  kind  of  Ma¬ 
chines,  commonly  call’d  Mechanical  Powers,  whether  Simple  or 
Compound. 

MOTION  is  the  continual  and  fucceflive  Change  of  Space, 
and  is  either  Abfolute  or  Relative.  Abfolute  Motion  is  the  Change 
of  Abfolute  Space  or  Place  of  Bodies,  as  the  Flight  of  a  Bird,  the 
Motion  of  a  ProjeCtile,  Sfr.  But  Relative  Motion  is  the  Change 
of  Relative  Space,  or  that  which  has  Reference  to  fome  other  Bo- 

C  2  dies: 
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dies :  As  of  two  Ships  under  Sail,  tlie  Difference  of 
Exp.  S7-  their  Velocities  is  the  relative  Motion  of  the  Ship  fail¬ 
ing  faflefl ;  and  is  that  alone  which  is  difcernible  by  us.. 

'  Tlie  fame  is  to  be  underftood  of  abfolute  and  relative  Reft. 

Again  ;  Motion  is  either  Kquable  or  Accelerated, 
Exp.  58.  Equable  Motion  is  that  by  which  a  Body  paffes  over 
equal  Spaces,  in  equal  Times.  Accelerated  Motion  is 
that  which  is  continually  augmented  or  increafed ;  as 
Retarded  Motion  is  that  which  continually  decreafes :  And  if  the 
Increafe  or  Decreafe  of  Motion  be  equal  in  equal  Times,  the  Mo¬ 
tion  is  then  faid  to  be  equably  accelerated  or  retarded. 

The  Celerity  or  Velocity  of  Motion  is  that  Aftbeftion  by  which 
a  Body  paffes  over  a  given  Space  in  a  given  Time,  or  what  we 
commonly  call  the  Swifmejs  or  Slownefs  of  Motion. 

The  Momentum  or  Quantity  of  Motion  is  all  that  Power  or 
Force  which  a  moving  Body  has  to  affedf  or  ftrike  any  Obftacle 
or  Impediment  which  oppofes  its  Motion,  and  is  equal  to  that  im- 
prefled  Force  by  which  the  Body  is  compelPd  to  change  its  Place.. 

Since  the  Force  of  a  Body  is  greater  or  leffer  as  the 
Exp.  60.  Quantity  of  Matter  is  fo,  when  the  Velocity  of  its  Mo¬ 
tion  is  the  fame ;  alfo  ft  nee  the  faid  Force  in  the  fame 
Body  is  proportional  to  its  Velocity:  Therefore  it  follows,  that  the 
Mo7nentU7n  or  Force  of  Bodies  in  Motion  is  in  the  compound  Ra¬ 
tio  of  their  Quantities  of  Matter  and  their  Velocities  conjointly. 

Thus  if  one  Body  A  ftrike  an  Obftacle  X,  with  3  Parts 
Tig.  III.  of  Matter  and  9  Degrees  of  Celerity  ;  and  another  Bo¬ 
dy  B  ftrike  it  with  5  Parts  of  Matter,  and  7  Degrees  of 
Celerity ;  the  Mo7nenta  of  the  refpebfive  Strokes  will  be  as  27 

35- 

The  general  Laws  of  Motion,  which  all  Bodies  obferve,  are 
the  three  following,  viz, 

L  AW  L  Every  Body  will  continue  in  its  State  of  Refy  or 
,  movinpr ' 

o . 
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moving  uniformly  hi  a  Right  Line^  except  fo  far  as  it  is  compelF d 
to  change  that  State  by  Forces  imprefs" d, 

LAW  II.  The  Change  of  Motion  is  always  proportional  to  the 
moving  Force  imprefs^ d^  and  is  always  made  according  to  the  Right 
Line  in  which  that  Force  is  imprefs  d.  > 

LAW  III.  Re-aB  ion  is  always  equal  and  contrary  to  AB  ion 'y 
or  the  ABions  of  two  Bodies  upon  each  other  are  always  equals  and 
in  contrary  DireBions :  That  is^  by  ABion  and  Re-aBion  equal 
Changes  of  Motion  are  produced  in  Bodies  aBingupon  each  other  \ 
and  thefe  Changes  are  imprefs"' d  towards  contraiy  Parts. 

The  firft  of  thefe  Laws  is  founded  on  the  J^is  Inertice-oi  Mat¬ 
ter,  whereby  it  is  indifferently  difpofed  to  perfevere  in  its  State- 
of  Motion  or  Reft.  ’Tis  not  more  evident  that  Matter  at  Reft 
requires  an  extrinftc  Power  to  give  it  Motion,  than  that  when  ih 
Motion,  the  Force  of  fome  other  Body  relifting  it  is  neceffary-  to- 
bring  it  to  a  State  of  Reft.  For  want  of  fuch  Reliftance  we  fee 
the  Planets  and  Comets  long  conferve  their  Motions  undiminilh’d ; 
while  moving  Bowls,  and  Wheels,  are  gradually  reduced  to  a  State 
of  Reft,  by  the  Fridlion  or  Rubbing  of  the  Parts  on  which  they 
move,  againft  contiguous  relifting  Bodies ;  as  will  be  e- 
vident  by  the  Experiment  of  the  Axis  in  Peritrochioy  Exp.  6i., 
moving  lirft  on  fix’d  Boxes,  and  afterwards  on  FriBion- 
IV heels. 

From  this  Law,  and  what  will  be  farther  demonftrated  here¬ 
after,  it  follows,  that  no.  perpetual  Motion  can  be  effedted,  at  leaft: 
by  any  human  Power,  with  Bodies  in  a  refilling  Medium. 

By  the  fecond  Law  we  are  inftrudled  how  to  eftimate 
the  Sum  of  the  Motions  of  Bodies  moving  the  fame  or  Exp.  62,. 
contrary  Ways,  when  they  diredlly  ftrike,  or  impinge  on 
each  other.  Alfo  we  hence  learn  the  Compofition  and‘ 

Refolution  of  Motion  arifing  from  Forces  imprefs’d  in* 
oblique  Directions;  a  Doctrine  of  the  utmoft  Ufe  in  Philbfophyj, 
and  the  Foundation  of  all  Mechanics'.  To  illuftrate.  this::  Let: 

the:: 
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the  Body  B  be  impell’d  by  the  Body  A  in  the  Diredlion 
Fig.  IV.  with  a  Force  that  would,  in  a  given  Time,  caufe 

it  to  move  from  b  to  c  \  at  the  fame  Ihftant,  let  another 
Body  C  Alike  it  in  the  Direction  with  a  Force  that  will  carry 
it  from  b  to  d  in  the  fame  Time  ;  then  compleat  the  Parallelo¬ 
gram  be  ed^  and  draw  the  Diagonal  b that  will  reprefent  the 
Direction  and  Diftance  through  which  the  Body  will  move  in  the 
fame  Time  by  both  the  Forces  conjointly. 

The  third  general  Law  is  founded  on  Reafon  and  Experience : 
We  know  from  the  Nature  of  Attraction  or  Gravity,  that  if  a 
Stone  fall  towards  the  Earth,  the  Quantity  of  Motion  both 
in  the  Earth  and  Stone  is  the  fame.  That  the  Iron 
E^p.  64.  attracts  the  Loadftone  with  an  equal  Power  of  Mag- 
netifm,  is  evident  by  Experiment.  That  ASlion  and 

65.  Re-a8lion  are  equal  between  impinging  Bodies,  or  that 
the  ftme  Qiiantity  of  Motion  that  is  generated  in  one 

66.  Body  is  deftroy’d  in  the  other  by  the  Stroke,  whether 
the  Bodies  be  elajlic  or  no?i-elaJiic^  will  alfo  be  made 

apparent  to  the  Senfes  by  Experiment.  Whence  alfo  it  will  ap¬ 
pear,  that  the  AClion  or  EffeCl  of  elajlic  Bodies  is  twice  as  great, 
as  that  of  Bodies  void  of  Elafticity. 

From  this  Law  we  have  a  Solution  of  divers  Phce7i077iena  other- 
wife  not  to  be  accounted  for :  As,  why  foft  and  unelaftic  Bodies 
retam  the  Itnprejfions  of  others,  while  hard  and  elafcic  Bodies  re- 
hound  with  equal  Force and  under  equal  A7igles,  Hence,  the 
Reafon  of  Rowmg  with  Oars.,  and  the  Switntning  of  Fijhes  in  Wa¬ 
ter;  alfo,  the  Fly  big  of  Birds  in  Air;  the  Recoilmg  of  Gu7is\  the 
retro-vertiginous  Motion  of  the  j^olipile ;  the  Hydroftatic  Para¬ 
dox'^  and  many  other  Things  hereafter  occafionally  mention’d,  are 
aceountable  for  on  this  and  no  other  Principle. 

We  proceed  next  to  conlider  the  Nature  of  Motion  belonging 
to  Bodies  which  dejeend  freely  by  the  Force  of  Gravity  in  Vacuo, 
or  an  unrefiAing  Mediimt :  And  this  Kind  of  Motion  we  ihall 
find  affeCled  with  the  following  Properties,  viz.  (i.)  That  it  is 

equably 
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equably  accelerated. '  (2.)  That  its  Velocity  is  always  proportional 
to  the  Time  of  the  Fall.  ,  (3.)  That  the  Spaces  pafs’d  through 
are  as  the  Squares  of  the  Times  or  Velocities.  And  therefore,  (4.) 
That  the  Velocity,  and  confequently  the  Momentum^ 
which  is  proportional  thereto^  is  as  the  Square  Root 
of  the  Space  defcended  through.  (5.)  That  the  Space  Exp.  6’;. 
pafs’d  through  the  firfl:  Second  is  very  nearly  16^^  Feet. 

(6.)  That  a  Body  will  pafs  over  twice  the  Space  in  an  68. 
horizontal  Dirediion,  with  the  laft  acquired  Velocity  of 
the  defcending  Body,  in  the  fame  Time. 

Hence  it  follows,  that  if  one  Leg  AB  of  a  right-angled  Tri¬ 
angle  reprefent  the  Time  of  the  Fall,  and  the  other  Leg 
BC  the  Velocity  acquired  at  the  End  of  the  Fall;  then  Fig.  V. 
will  the  Area  ABC  of  the  Triangle  reprefent  the 
Space  pafs’d  through.  And  hence  the  Spaces  defcencfed  through 
at  the  End  of  every  Second,  will  be  as  the  Square  Numbers  i  .  4. 
9.  16.  25.  36.  and  therefore  the  Spaces  pafs’d  through  in 
each  Second  feparately  will  be  as  the  odd  Numbers  i.  3.  5.  7.  9. 
II.  13.  15.  as  in  the  Figure. 

The  next  Sort  of  Motion  is  that  of  Bodies  defcending  on  m- 
c lined  Planes.^  and  curved  Surfaces.^  which  we  find  diflinguifh’d 
with  the  following  Properties,  (i.)  The  Motion  on  the 
inclined  Planes  is  equably  accelerated,  as  arifing  from 
Gravity.  (2.)  The  Force  of  Gravity  compelling  a  Body,  as  A, 
to  defcend  on  aii  inclined  Plane  B  D,  is  to  the  abfolute 
Force  of  Gravity  as  the  Height  of  the  Plane  B  C  to  its  Fig^.  VI. 
Length  BD.  (3.)  The  Spaces  defcended  are  as  the 
Squares  of  the  Times.  (4.)  The  Times  in  which  different  Planes, 
BD,  BH,  of  the  fame  Altitude  B.C  are  pafs’d  over,  are  as  their 
Lengths  refpediively.  (5.)  The  Velocities  acquired  by  defcending 
through  fuch  Planes  at  the  loweft  Points,  D,  H,  are  all  equal. 
(6.)  Therefore  if  a  Body  defcends  from  the  fame  Height  through 
feveral  contiguous  Planes,  ever  fo  different  in  Number  or  Situa¬ 
tion, 
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tion,  it  will  always  acquire  the  fame  Velocity  in  the 
Fig.Yll.  loweft  Point.  (7.)  The  Times  or  Velocities  of  Bodies 
defending  through  Planes  iimilarly  fituated,  or  alike 
inclined  to  the  Plorizon,  as  D  B,  E  C,  will  be  as  the  Square  Roots 
of  their  Lengths,  D  B,  EC. 

From  thefe  Properties  of  Bodies  defcending  on  Inclined  Planes, 
we  deduce  the  following  Corollaries,  viz.  (r.)  That 
Fig.  VI.  the  Times  in  which  a  Body  defcends  through  the  Dia¬ 
meter  BC,  or  any  Chord  BE  of  a  Circle,  are  equal. 
Hence,  (2.)  All  the  Chords  of  a  Circle  are  defcribed  in  equal 
Times.  (3.)  The  Velocities  acquired  in  defcending  through  any 
Arch  of  a  Circle  E  C,  in  the  loweft  Point  C,  is  equal  to  that 
which  would  be  acquired  in  falling  through  the  fame  perpendicu¬ 
lar  Eleight  B  C.  (4.)  The  Velocities  acquired  in  Be- 
Fig.  VII.  fcending  through  the  Chords  I  C,  EC,  of  a. Circle  are, 
at  the  loweft  Point  C,  as  the  Lengths  of  thofe  Chords, 
(5.)  The  Times  of  Defcent  through  Chords  of  limilar  Arches, 
D  B,  E  C,  are  as  the  Square  Roots  of  the  Semidiameters  AB,  AC, 
of  the  refpeclive  Circles. 

.  From  thefe  Properties,  and  their  Corollaries,  the  Do- 
dlrine  of  Pendulums  is  derived.  A  Pendulum  is  any 
Fig  VIII  i^ocly  B,  fufpended  upon,  and  moveable  about  a  Point 
A,  as  a  Centre.  The  Nature  of  a  Pendulum  conEfts 
in  the  following  Particulars,  (i.)  The  Times  of  the  Vibrations 
of  a  Pendulum  in  very  fmall  Arches  are  all  equal.  (2.)  The  Ve¬ 
locity  of  the  Bob  in  the  loweft  Point  will  be  nearly  as  the  Length 
of  the  Chord  of  the  Arch  which  it  defcribes  in  the  Defcent. 
.(3.)  The  Times  of  Vibration  in  different  Pendulums,  AB,  AC, 
are  as  the  Square  Roots  of  their  Lengths.  (4.)  Hence 
F^p.  71.  the  Lengths  of  Pendulums  A  B,  A  C,  are  as  the  Squares 
of  the  Times  of  their  Vibrations.  (5.)  The  Time  of 
one  Vibration  is  to  the  Time  of  Defcent  through  half  the  Length 
of  the  Pendulum,  as  die  Circumference  of  a  Circle  to  its  Dia¬ 
meter. 
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iTieter.  (6.)  Whence  the  Length  of  a  Pendulum  vi¬ 
brating  Seconds  will  be  found  39  Inches  nearly ;  and 
of  an  Half-Second  Pendulum  9^8  Inches.  (7.)  An 
uniform  homogeneous  Body  B  G,  as  a  Rod^  Fig.  IX. 

which  is  one  third  Part  longer  than  a  Pendulum  AD,  Exp.  73. 
will  vibrate  in  the  fame  Time’  with  it.  (8.)  This  Cen-  74. 
tre  of  0fcillatto7t  E  in  the  Rod,  is  alfo  the  Centre  of 
Percufft07iy  or  that  Point  in  which  the  Force  of  the  Stroke  is  the 
greateft  pofiible.  • 

From  thefe  Properties  of  the  Pendulum  we  may  difcern  its  Ufe 
as  an  univerfal  Chrono7neter^  or  Regulator  of  Time,  as  it  is  ufed 
in  Clocks  and  fuch-like  Machines^  ^By  this  Inftrument 
alfo  we  can  meafure  the  Diftance,of  a  Ship,  by  mea-  Exp.  75. 
furing  the  Interval  of  Time  between  the  Fire  and  the 
Sound  of  the  Gun ;  alfo  the  Diftance  of  a  Cloud,  by  numbering 
the  Seconds  or  Half-Seconds,,  between  the  Lightning  and  Thun¬ 
der.  Thus,  fuppofe  between  the  Lightning  and  Thunder  we  num¬ 
ber  10  Seconds;  then,  becaufe ’  Sound  paffes  through  1142  Feet 
in  one  Second,  we  have  the  Diftance  of  the  Cloud  equal  to  1 1420 
Feet.  Again  ;  the  Height  of  any  Room,  or  other  Ob-y 
je6l  may  be  meafured  by  a  Pendulum  vibrating  from  Exp.  jG. 
the  Top  thereof.  Thus,  fuppofe  a  Pendulum  from  the  r  -  - 

Height  of  a  Room  vibrates  three  times  in  one  'Second ;  then  fay. 
As  I  is  to  the  Square  of  3,  viz.  9,  fo  is  39,2  to  352,8  Feet,  the 
Height  required.  Laftly,  by  the  Pendulum  we  difcover 
the  different  Force  of  Gravity  on  diverle  Parts  of  the  Exp.  77. 
Earth’s  Surface,  and  thence  the  t7^ue  Figure  of  the  Earth. 

The  greateft  Inconvenience  attending  this  moft  ufefui  Inftru¬ 
ment  is,  that  it  is  conftantly  liable  to  an  Alteration  of  its  Length 
from  the  Effedfs  of  Heat  a72d  Cold.,  which  very  fenffbly 
,  expand  and  contradl  all  Metalline  Bodies,  as  will  be  Exp.  78. . 
very  evident  by  the  Pyro7neter. 

When  Pendulums  were  firft  applied  to  Clocks,  they  were  made 
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very  fhort ;  and  the  Arches  of  the  Circle  defcribed  being  large, 
the  Times  of  Vibration  through  different  Arches  could  not,  in 
that  Cafe,  be  equal ;  to  effed:  which,  the  Pendulum  was 
Erp.  79.  contrived  to  vibrate  in  the  Arch  of  a  Cycloid^  the  Pro¬ 
perty  of  which  Curve  is^,  that  a  Body  will  defcend  from 
any  Part  thereof  to  the  lowefl  Point  in  the  fame  Tdime^  and  fooner 
than  by  any  other  Way. 

The  Motion  of  Projectiles  comes  next  to  be  con- 
Fig.'X^Xl.  hder’d.  A  ProjeSiile  is  any  Body  A,  thrown  or  pro- 
jeded  in  an  upright,  oblique,  or  horizontal  Diredion  \ 
as,  a  Stone  from  the  Hand,  an  Arrow  from  the  Bow,  or  a  Ball  or 
Bomb  from  a  Cannon  or  Piece  of  Ordnance*  The  Force  with 
which  the  Body  is  projeded  is  call’d  the  Impetus^  and  the  Diftance 
to  which  it  is  thrown  is  call’d  the  Horizontal  Random  or  Ampli¬ 
tude  of  the  Projedion. 

Every  Projedile  is  aded  upon  by  two  Forces  or  Powers,  viz^ 
the  Impetus  of  the  projeBile  Force^  and  that  of  Gra- 
Exp.  80.  vity.  By  the  firft,  the  Body  paffes  over  equal  Spaces^ 
A  B,  B  C,  C  D,  in  equal  Himes ;  and  by  the  fe- 
cond,  it  defeends  through  Spaces  AG,  AH,  A  I,  Me.  which  are 
as  the  Squares  of  the  Himes  \  and  therefore  by  thefe  two  Forces 
compounded  the  Body  will  delcribe,  not  a  Right  Liney  but  a 
Curve  A  0^  and  of  that  Sort  which  we  call  a  Parabola ;  and  this 
will  be  the  Cafe  in  all  Diredions  but  that  in  the  Per¬ 
pendicular,  when  the  Path  of  the  Projedile  will  be  (to 
Appearance)  a  Right  Line.  The  greater  the  Angle  of 
Elevation  KAM  of  the  Cannon  is,  the  greater  will 
be  the  Height  D  B  to  which  the  projeded  Body  will 
arife.  Alfo,  the  greater  will  be  the  Diftance  or  Am¬ 
plitude  of  the  Projedion,  till  the  faid  Angle  becomes 
equal  to  45  Degrees  KAO;  upon  which  Elevation  the  Random 
A  C  will  be  the  greateft  poftible,  and  equal  to  twice  the  Altitude 
AG  of  the  perpendicular  Projedion*  On  any  Elevation  AM 

or 
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or  A  Af,  equally  above  or  below  45  Degrees,  as  on  40  ^ 

and  50,  30  and  60,  20  and  70  Degrees,  the  Random 
A  C  will  be  the  fame  j  which  Cafe  an  Engineer  frequently  finds 
of  very  great  Ufe. 

If  the  Objed:  be  fituated  above  the  Horizon,  then 
in  order  to  ftrike  it,  let  a  Piece  of  Looking-glafs  be  85* 
fix’d  to  the  Cannon  perpendicular  to  its  Axis ;  aiid 
holding  a  Plumb-Line  over  the  Glafs  diredly  under  the  Eye,  the 
Cannon  is  to  be  elevated  till  the  Objed  appears  exadly  under  the 
Plummet,  and  there  fix’d ;  if  then  it  be  difcharged,  it  will  ftrike 
the  Objed  as  required. 

From  what  has  been  faid,  we  may  eafily  underftand  how  a 
Body  projeded  upright  from  the  Earth’s  Surface  does  really  de- 
fcribe  a  Parabola,  though  to  Appearance  it  afcends  and  defcends 
in  a  Right  Line.  For  it  is  urged  by  two  Forces,  the  Pro- 
jedile  upwards,  and  the  Force  ariling  from  the  Motion  of  the 
Earth  about  its  Axis  from  ^ ^  to  Eajl ;  in  which  Cafe 
it  muft  neceflarily  defcribe  a  Parabola,  as  will  be  evi-  85. 
dent  from  Experiment, 

I  SHALL  in  the  laft  Place  confider  the  Nature  of  Chxular  Mo¬ 
tion  and  Central  Forces,  If  a  Body  A  be  fufpended  at 
the  End  of  a  String  A  C,  moveable  about  a  Point  or  Exp.  86. 
Pin  C  as  a  Centre,  and  in  that  Pofition  it  receive  an  Fig.  XIII. 
Impulfe  or  Blow  in  an  horizontal  Diredion,  it  will  be 
thereby  compell’d  to  defcribe  a  Circle  about  the  central  Pin : 
While  the  circular  Motion  continues,  the  Body^  will 
have  a  continual  Endeavour  to  recede  or  fly  off  from  Exp.  87. 
the  Centre,  which  js  call’d  its  Ge7Urifugal  Force.,  and 
arifes  from  the  horizontal  Impetus ;  with  this  Force  it  ads  upon 
the  fix’d  Centre  Pin,  and  that,  by  its  Renitency  or  Immobility, 
re-ads  with  an  equal  Force  on  the  Body  by  means  of  the  String, 
and  folicits  it  towards  the  Centre  of  Motion,  whence  it  is  call’d 
the  Centripetal  Force  ;  and  when  we  fpeak  of  cither,  or  both  ot 
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them  indefinitely,  they  are  call’d  the  Central  Forces  of  the  re- 
voicing  Body. 

It  is  of  the  kft  Importance  to  underftand  the  Nature  of  this 
Kind  of  Motion,  fince  by  it  all  the  Machinery  of  the  Planetary 
Syfiem  is  perform’d,  as  will  be  eafy  to  underfLand,  if,  for  the  re¬ 
volving  Body,  we  fubftitute  a  Planet ;  for  the  Centre,  we  place 
the  Sun ;  for  the  Centripetal  Force^  or  String,  its  Power  of  At- 
tradion ;  and  for  the  ProjeBile  Force^  the  Almighty  Power  of 
God  in  the  firfl:  Creation  of  Things. 

The  Theory  of  this  Species  of  Motion  is  comprifed  in  the  fol- 
gg  lowing  Propohtions,  viz.  (i.)  The  projedlile  Force  AH 
is  infinitely  greater  than  the  centrifiigal  Force  HE. 
(2.)  The  central  Force  is  proportional  to  the  Quantity  of  Matter 
in  the  revolving  Body  A,^  all  other  Things  being  equal.  (3.)  If 
two  equal  Bodies  A,  B,  defcribe  unequal  Circles  AM,  AN,  in 
equal  Times,  the  central  Forces  will  be  as  the  Diftances  AC,  BC, 
from  the  Centre  C.  (4.)  If  equal  Bodies  defcribe  unequal  Circles 
with  equal  Celerities,  the  central  Forces  will  be  inverfely  as  the 
Diftances.  (5.)  If  equal  Bodies  defcribe  equal  Circles,  the  cen- 
tral  Forces  will  be  as  the  Squares  of  the  Celerities.  (6.)  If  equal 
Bodies  defcribing  unequal  Circles  have  their  central  Forces  equal, 
their  Periodical  Times  will  be  as  the  Square  Roots  of  the  Di¬ 
ftances.  (7.)  If  equal  Bodies  defcribe  unequal  Circles  with  equal 
Celerities,  the  Periodical  Times  will  be  as  the  Diftances  direcftly. 
(8.)  Therefore  the  Squares  of  the  Periodical  Times  are  propor¬ 
tional  to  the  Cubes  of  the  Diftances,  when  neither  the  Periodical 
Times  nor  the  Celerities  are  given.  And  in  that  Cafe,  (9.)  The 
central  Forces  are  as  Squares  of  the  Diftances  inverfely. 

These  are  the  Theorems  of  circular  Motions,  the  two  laft  of 
which  are  found  by  Aftronomers  to  be  ftricftly  obferved  by  every 
Body  of  the  Planetary  and  Cometary  Syftem.  For  Example:  The 
Periodical  Time  of  Ve7iu5  is  225  Days,  and  that  of  xSiz  Earth 
365*  the  Squares  of  which  Numbers  are  50625  and  133225: 

Againj. 


Mechanics.  2I 

Again,  the  Diftance  of  Venus  from  the  Sun  is  to  that  of  the 
Earth  as  72  to  100;  the  Cubes  of  which  Numbers  are  373248 
and  1000000 ;  but  50625  :  133225  ::  373248  :  1000000 ;  that 
is,  the  Squares  of  the  Periodical  Times  are  as  the  Cubes  of  their 
Diftances,  very  nearly.  From  hence  alfo  it  will  eafily  appear, 
that  Bodies  under  the  Equator  have  the  greatefi:  centrifugal  Force, 
which  there  adls  in  direct  Oppolition  to  Gravity,  and  diminifhes 
towards  the  Poles,  with  the  Squares  of  the  Diftances  from  the 
Earth’s  Axis.  Hence  alfo  it  is  evident,  that  if  ever  the  Earth  was 
in  a  fluid  State,  and  at  the  fame  Time  moving  about  its  Axis,  it 
mufl:  neceflhrily  put  on  the  Figure,  not  of  a  perfect  Sphere  or 
Globe,  but  of  an  oblate  Spheroid,  flatted  towards  both  ^  ^ 

the  Poles ;  as  will  be  manifeflly  fliewn  by  Experiment. 


LECTURE  III 


HAV  I  N  G  confldered  the  Nature  of  every  Kind  of  Motion, 
with  the  Properties  of  each,  we  fhould  have  come  imme¬ 
diately  to  conlider  the  Mechanical  Powers  or  Machines^ 
but  that  fomething  ftill  remains  to  be  premifed  thereto,  relating 
to  the  Centres  of  Ma^iiitude.  of  Motion,  and  of  Gravity  in  Bo- 
dies. 

The  Centre  of  Magnitude  is  that  Point  which  is 
equally  diftant  from  all  the  external  Parts  of  the  Body  : 

And  in  Bodies  that  are  uniform  and  homogeneal,  it  is  the  fame 
with  » 

The  Ce^Ure  of  Motion,  which  is  that  Point  which 
remains  at  Reft,  while  all  the  other  Parts  of  the  Body 
move  about  it :  And  this  is  again  the  fame  in  uniform  Bodies,  of 
the  fame  Matter  throughout,  as 
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The  Centre  of  Gravity,  which  is  that  Point  about 
Exp.<^i.  -vvhich  all  the  Parts  of  a  Body  do  in  any  Situation  ex- 
adly  balance  each  other. 

This  Centre  of  Gravity  in  Bodies  is  of  the  greateft  Confequence 
to  be  well  underftood,  as  being  the  foie  Principle  of  all  Mecha¬ 
nical  Motions.  The  particular  Properties  hereof  are 
Exp.<^^.  -as  follow,  (i.)  If  a  Body  be  fufpended  by  this  Point, 
as  the  Centre  of  Motion,  it  will  remain  at  Reft  in  any 
Pofttion  indifferently.  (2.)  If  a  Body  be  fufpended  in 
any  other  Point,  it  can  reft  only  in  two  Pofftions,  viz. 
when  the  faid  Centre  of  Gravity  is  exacftly  above  or 
below  the  Point  of  Sufpenffon.  (3.)  When  the  Centre 
of  Gravity  is  fupported,  the  whole  Body  is  kept  from 
(4.)  Becaufe  this  Point  has  a  conftant  Endeavour  to  de- 
feend  to  the  Centre  of  the  Earth;  therefore,  (5,)  When 
Exp,  ^6i  this  Point  is  at  Liberty  to  defeend,  the  whole  Body 
muft  alfo  defeend  or  fall,  either  by  Aiding,  rolling,  or 
tumbling  down.  (6.)  The  Center  of  Gravity  in  regu¬ 
lar,  uniform,  and  homogeneal  Bodies,  as  Squares,,  Circles^ 
Spheres.,  8cc.  is  the  middle  Point  in  a  Line  connedling 
any  two  oppoffte  Points  or  Angles.  >  (7.)  In  a  Triangle 
it  is  in  a  Line  drawn  from  any  Angle  bifeefting  the  op¬ 
poffte  Side,  one  Third  of  the  Length  diftant  from  that 
Side  or  Bafe.  (8.)  It  is  alfo  one  Third  of  the  Side  di¬ 
ftant  from  the  Bafe  of  an  hollow  Cone.  (9.)  But  in  a 
folid  Cone  it  is  one  Fourth  of  the  Side  diftant  from  the 
Bafe.  (lo.j  In  the  Human  Body,  the  Centre  of  Gravity  is  fftu- 
ated  in  that  Part  which  is  call’d  the  Pelvis,  or  in  the  Middle  be¬ 
tween  the  Hips. 

He  NCE  the  Solution  of  feveral  very  curious  Pheenomena  will  be 
evident  with  the  leaft  Attention  ;  as  why  fome  Bodies 
Exp.  loi,  ftand  more  ffrmly  on  their  Bafes  than  others;  why 
fome  ftand  firmly  in  an  inclined  Pofition ;  why  fome 
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Bodies  fall  in  one  manner,  fome  in  another ;  why  lome  may  feem 
to  rife,  while  the  Centre  of  Gravity  really  defeends,  as 
the  rolling  Co?te^  and  Cylinder,  Hence  the  Form  of 
that  particular  Bucket  which  defeends  empty  with  the 
Mouth  downwards,  but  is  drawn  up  full  with  the 
Mouth  upwards.  Hence  alfo  it  appears  that  a  Waggon 
loaded  with  heavy  Matter,  as  Iron,  Stone,  ^c.  will 
go  fafely  on  the  Side  of  a  Hill  or  rifing  Ground,  where  a  Load  of 
Hay  or  Corn  would  be  overturn’d.  Again,  we  hence 
fee  the  Reafon  why  no  Man,  Handing  Hill,  can  move  Exp.  106. 
or  llir,  without  firft  moving  the  Centre  of  Gravity  out 
of  its  Place ;  alfo,  why  we  Hand  firmly,  while  the  Center  of  Gra¬ 
vity  falls  between,  or  on  the  Bafe  Line  of  the  Feet ;  and  how  ne- 
ceflarily  we  fall,  when  the  Centre  of  Gravity  falls  on  one  Side  or 
other  of  the  fam? :  W^ith  many  other  Particulars,  which  naturally 
refult  from  this  Principle. 

If  two  or  more  Bodies  in  Motion  be  connedled  together,  as 
.  Chain-Shot,^  &c.  or  any  how  depend  on  each  other, 
they  will  have  a  Common  Centre  of  Gravity,,  which  Exp.  107. 
will  be  a  Point  in  the  Line  joining  the  Centres,  lb  H- 
tuated,  that  lis  Dijlance  from  the  faid  Ce?itres  will  be  reciprocally 
as  the  Quantity  of  Matter  in  each  Body, 

Whence,  lince  the  Earth  and  Moon  are  to  each  other  as  about 
40  to  I,  and  the  Diftance  of  the  Moon  60  Semidiameters  of  the 
Earth,  the  Diftance  of  the  common  Centre  of  Gravity  of  the 
Earth  and  Moon  will  be  found  about  1840  Miles  from  the  Earth’s 
Surface ;  and  it  is  this  common  Centre  of  Gravity  that  deferibes 
the  Annual  Orbit  about  the  Sun,  and  not  the  Earth  itfelf,  as  is 
commonly  faid  and  thought.. 

In  like  manner  there  is  a  common  Centre  of  Gravity  of  the 
Sun  and  all  the  Planets  which  circulate  about  him ;  and 
were  they  all  placed  in  a  Right  Line  on  one  fide  the 
Sun,  then  would  the  common  Centre  of  Gravity  of  the  whole 
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Syftem  be  diftant  from  the  Sun’s  Surface  eight  Tenths  of  his  Se- 
midiameter :  And  it  is  about  this  common  Centre  of  Gravity,  and 
not  about  the  Sun,  that  not  only  all  the  Planets,  but  even  the  Sun 
itfelf,  do  conftantly  move. 

The  common  Centre  of  Gravity  of  any  Number 
Exp.  109.  of  Bodies  being  fupported,  none  of  thofe  Bodies  can 
no.  fall;  which  is  the  Reafon  of  many  very  furprifing  Ap¬ 
pearances  in  Nature,  as  that  common  Experiment  of 
III.  fufpending  a  Bucket  of  Water  at  the  End  of  a  Stick 
off  the  Table  without  falling  ;  the  Toy  of  the  Man  a 
fa  wing,  &  c. 

W  E  have  now  premifed  every  thing  neceffary  for  underftanding 
the  Nature  of  thofe  Inftruments  which  are  commonly  call’d  Me¬ 
chanical  Powers  or  Machines  :  They  are  Six  in  Number,  as 
follow,  viz.  The  Lever ^  the  Pulley.,  the  Wheel 4ind  Axle.,  the  In- 
clmed  Plane,  Wedge,  and  xLq  Screw.  They  are  C2i\Vd  Me¬ 

chanical  Powers,  becaufe  they  increafe  our  Power  of  moving  or 
railing  heavy  Bodies,  which  are  often  unmanageable  by  any  natu¬ 
ral  human  Strength,  not  thus  affifted ;  and  of  two  or  more  of 
thefe  all  other  compound  Inftruments  and  Machines  are  con¬ 
trived  and  compofed. 

1.  A  LEVER  is  any  inflexible  Line,  Rod,  or 
Exp.  112.  Beam,  moveable  about  or  upon  a  fix’d  Point,  (call’d 
the  Prop  or  Fulcrum ; )  upon  one  End  of  which  is  the 
Weight  to  be  raifed,  at  the  other  End  is  the  Power  applied  to. 
raife  it,  as  the  Hand,  ?A‘c.  Since  (as  we  have  before'  proved)  the 
Momentums  of  the  W eight,  and  Power,  are  as  the 
Exp.  1 13.  Quantities  of  Matter  in  each  multiplied  by  their  re- 
fpeSlive  Celerities ;  aiul  the  Celerities  are  as  the  Di¬ 
fiances  frotn  the  Ce7itre  of  Motio7i,  a7id  alfo  as  the  Spaces  pafs' d 
through  i7i  a  perpendicular  DireElioti  m  the  fatne  Thne ;  it  muft 
follow,  that  there  will  he  a7i  Fquilibriu77i  between  the  Weight  and 
Power,  -when  they  are  to  each  other  re,cipt'ocally  as  the  Dijlances 


Mechanics.  29 

from  the  Center^  or  as  the  Celerities  of  the  Motions^  or  as  the  per¬ 
pendicular  Afcent  a7id  Defce77t  in  the  fafne  Tdune  \  and  this  univer- 
fally  in  all  Mechanical  Powers  whatfoever,  which  is  therefore  the 
fu7ida7ne7Ual  Prmciple  of  all  Mechanics. 

To  illuftrate  this,  let  A  B  be  a  Lever  fuppofed  with¬ 
out  Weight,  and  F  its  Fidc7ni7n  or  Prop ;  let  W  be  a  Fig.  XIV. 
Weight  fufpended  from  the  End  A,  and  P  the  Power 
applied  to  the  other  End  B.  Then  let  the  Lever  be  moved  into 
the  Situation  CD,  ’tis  evident  the  Velocities  of  the  Points  A  and 
B  will  be  as  the  Arches  A  C  and  BD  defcribed  in  the  fame  Time : 
Alfo  the  perpendicular  Diftances,  through  which  the  Weight  W 
and  Power  P  moYe.io  the  fame  Time,  are  CE  and  GD,  which 
are  as  the  Arches  AC  and-BD;  and  thefe  are  as  the  Radii  CF 
and  DF,  which  are '  equal  to  AF  and  BF.  Therefore  in  or¬ 
der  to  produce  an  Rquilihriu7n.^  it  muft  be  W  x  AC  =  P  x  BD, 
or  W  X  CE  =  P  X  DG,  or  W  x  AF  =  P  x  BF :  Confequently, 
P:  W::  AC  :  BD::.CE  :  DG  AF  :  BF.  Note,  that  in  efti- 
mating  the  Effects  of  Machines,  we  regard  only  the  Diftances  of 
the  Power  or  Weight  which  are  perpendicular  to  the  Lines  of  Di- 
reclion  in  which  thofe  Powers  ad:,  as  F  B,  or  F  M,  which  are  per- 
.pendicular  to  the  Direclions  P  B  and  L  M. 

The  Lever  is  of  Five  ^Kinds.  (i.)  The  common 
Sort,  where  the  Prop  is  between  the  Weight  and  the 
Power,  but  neareft  the  former.  (2.)  When  the  Prop 
is  at  one  End,  the  Power  applied  at  the  other,  and  the 
Weight  between  both.  (3.)  When  the  Prop'  is  'at  one 
End,  the  Weight  at  the  other,  and  the  Power  applied 
between  both.  (4.)  The  bended  Lever,  which  differs 
only  in  Form  fromThe  flrft  Sort.  (5.)  When  the  Prop 
is  placed^  at  an  equal’ Diftancq  between  the  Weight  and  the  Power, 
and  this  is  commonly  call’d  .  ,  e  \  v, 

The  B  ALANCE,  whofe  Ufe  is,  with  a  Pair  .of  Scales, 
to  bring  one  Body  to  an  equal  Weight  with  another  that 
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is  a  Standard.  The  Proportional  Balance  is  without 
Scales,  and  is  ufed  for  difcovering  or  alligning  any  Pro¬ 
portion  of  Weight  in  Bodies.  The  Falfe  Balance 
makes  Bodies  of  unequal  Quantities  of  Matter  appear 
to  have  equal  Weight.  Laftly,  the  Statera.^  or  Romait 
Balance.^  commonly  call’d  the  Steelyard.^  is  a  moft  ufe- 
ful  Kind  of  univerfal  Balance,  the  Strudure  and  Ufe  whereof 
will  be  eafy  to  underftand  from  the  above  Principles. 

II.  The  pulley  is  an  Inftrument  well  known ; 
if  fingle,  it  is  reduced  to  the  Lever  of  the  fifth  Sort, 
or  Balance,  and  fo  affords  no  Advantage  in  railing 
Weights.  If  two  or  more  be  combined  together  in  the 
common  Way,  Fben  the  Power  is  to  the  W eight  as  ^7- 

nity  to  the  Number  of  Ropes  which  go  to,  the  Pulleys  of  the  lower 
Box.  But  there  are  different  Ways  of  applying  Pulleys,  whofe 
Advantage  or  Power  will  be  obvious  from  the  Strudure  of  the 
feveral  Sorts  of  Tackles ^  and  the  Experiments  with  them. 

III.  The  wheel  and  AXLE  (commonly  call’d 
the.  Axis  in  Peritrochio J  is  the  third  Mechanical  Power. 

We  eafily  fee  by  its  Make,  it  is  reducible  to  a  Lever  of  the  firfl: 
Sort ;  and  that  therefore  the  Power  is  to  the  W eight as  the  Dia¬ 
meter  of  the  Axle  to  the  Diajneter  of  the  Wheel in  an  Equili¬ 
brium  in  this  Machine. 

IV.  The  inclined  PLANE  is  the  fourth 
^^^132^"  Mechanical  Power,  and  from  a  due  Confideration  of  it,. 

it  will  appear,  that,  for  an  Equilibrium^  the  Power 
mujl  be  to  the  W eight.^  as  the  Height  of  the  Plane  to  the  Length. 

V.  The  wedge  is  only  a  double  Inclined  Plane, 
Exp.  133.  intended  to  feparate  the  Parts  of  Wood,  &^c.  which 

ftrongly cohere  together;  whence,  in  the  common  Form 
of  it,  the  Power  will  be  to  the  Ref  fiance  to  be  overcome.^  as  half 
the  Thick?2efs  of  the  W ^dge  to  the  Length  thereof^ 
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VI.  The  S  CREW  is  the  lafi:  mention’d  Mechanical 
Power,  whofe  Ufe  is  both  for  Pre[fure  and  raifing  of 
Weights^  but  chiefly  the  former.  "The  Power  is  to  the 
Weighty  as  the  V zlocity  of  the  TV eight  to  the  T^ elocity  of  the  Power ^ 
that  is,  as  the  Difiance  betwee7t  two  ’Threads  of  the  Screw  to  the 
Circmnference  of  a  Circle  defcribed  by  the  Power, 

We  have  here  conflder’d  the  Ad;ion  or  Eflecft  of  each  of  thefe 
Machines,  as  they  would  anfwer  to  the  Stridinefs  of  the  Mathema- 
ti^l  Theorj",  were  there  no  fuch  thing  as  Fridlion  or 
rubbing  of  Parts  which  move  upon  each  other,  by  which  Exp.  136. 
means  one  Third  Part  of  the  Efled:  of  the  Machine  is, 
at  a  Medium,  deftroy’d,  as  will  be  evident  by  an  Ex-  137- 
periment  of  the  Inclined  Plane.  And  farther,  con¬ 
cerning  Fridion  we  are  to  obferve,  that  it  is  not  proportional  to 
the  ^uaittity  of  Surface.^  but  to  the  TT^eight  of  the  incumbent 
Part ;  as  we  fliall  alfo  fliew  by  Experiment. 

As  to  Cotnpound  Engines  and  Machines.,  they  are  as  ?iu7neroiis, 
as  they  are  various  in  their  Strucflure ;  concerning  all  which  we  may 
obferve  in  general,  that  they  conflfi:  of  one,  two,  or  more  of  the 
Simple  Powers  combined  together ;  that  in  mofl:  of  them  the  Axis . 
in  Peritrochioy  the Eever,  and  the  Screw  are  the  conftituent  Parts; 
that  in  .all,  a  certain  Power  is  applied  to  produce  an  ElFecfl  of 
much  greater  Moment ;  and  that,  in  the  lafl;  Place,  it  is  known,'- 
that  the  greatefl;  Effed:  or  Perfedlion  of  the  Machine  is  then,  when 
it  is  fet  to  work  with  four  Ninths  of  that  Charge  which  is  equi¬ 
valent  to  the  Power,  or  will  but  juft  keep  the  Machine  m  Equi- 
librio. 

The  Common  JACK  is  a  compound  Engine,  where 
the  Weight  is  the  Power  applied;  the  Fridion  of  the  Exp.i^^, 
Parts,  and  the  Weight  with  whieh  the  Spit  is  charged, 
is  the  Force  to  be  overcome ;  and  a  fteady,  uniform  Motion,  by 
means  of  the  Fly,  is  the  End  or  Intention  of  the  Machine.  ^ 
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In  clocks,  V/ATCHES,  &^c.  the  Power  is 
Exp.  139.  the  Weight  or  Spring;  the  Force  to  be  overcome  is  the 
Friclion  of  the  numerous  Parts,  y/hich  are  chiefly  a 
Combination  of  Wheels  and  Axes,  whofe  Ufc  is  to  divide  a  large 
Portion  of  Time,  as  a  Day  or  an  Hour.,  into  v^ry  minute  equal  - 
Parts,  as  Mhiutes,  Seconds,  See.  and  to  point  out  thofe  Diviiions 
by  an  equable  Motion  of  a  proper  Hand  or  Index  round  a  gradu¬ 
ated  Circle. 

^  ^  In  the  ORRERY  and  COMETARIUM,  the 
whole  Machinery  is  a  Compages  of  Wheels  of  various 
141.  Sizes,  fuitably  contrived  and  adapted  to  produce  cir¬ 
cular  and  elliptical  Motions  of  Bodies  reprefenting  the 
Planets  and  Comets,  in  fuch  Periods  of  Time  as  are  exadlly  pro- 
pordV’nal  and  correfpondent  to  the  refpedlive  Motions  of  the  Hea¬ 
venly  Bodies  which  they  reprefent ;  alfo  their  feveral  Phafes,  Po- 
fitions  of  the  Orbits,  and  other  Affections,  fo  as  to  be  a  perfect 
Microcofm,  or  Solar  Syjlem  in  Miniature. 

In  WATER-MILLS,  the  Momentum  of  the  fall- 
Exp.  142.  ing  Water  is  the  Power ;  the  Force  to  be  overcome  is 
the  great  Attrition  of  the  two  Stones  in  grinding  the 
Corn,  Wc,  which  is  effected  wholly  by  a  Complication  of  Wheels 
and  Axles.  A  Query  may  here  be  put.  Why,  ffnee  the  Power 
CDnflantly  acts  upon  the  Wheel,  the  Motion  of  the  Wheel  fhould 
be  equable,  and  not  accelerated  ?  The  Anfwer  is.  The  Increments 
of  Velocity  keep  rifing,  till  the  Momentum  of  the  Wheel  bears  a 
certain  Ratio  to  the  Refiftance  of  the  Machine ;  after  which  they 
'^re  all  deftroy’d  as  faft  as  they  arife,  and  the  Wheel  goes  on  with 
an  uniform  Motion. 

In  WIND-MILLS  the  Mechanifm  is  the  fame, 
Exp.  143.  only  the  Vanes  or  Sails  are  to  be  confider’d  as  a  Wheel 
on  the  Axhy  acd;uated  by  the  Power  of  the  Wind.  In 
this  Machine  we  have  only  to  conffder  the  Pofftion  of  the  Sails, 
and  the  Power  of  the  Wind.  As  to  the  former,  if  the  Sails  ftanci 
right  before  the  Wind,  it  cannot  affec5l  them  at  all ;  if  they  fland 
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lih^eEi  to  the  Wind,  the  Mill  will  be  blown  down,  at  leaf!:,  the 
Sails  could  have  no  Power  to  move  round ;  they  mufl  therefore 
be  placed  oblique  to  the  Wind,  and  that  under  an  Angle  of  54 
.  Degrees  and  44  Minutes,  for  the  greatefi:  Advantage. 

As  for  the  Power  of  the  Wind  on  the  Sail,  it  is  al¬ 
ways  as  the  Direction  of  the  Wind,  and  the  Number  Exp.  144. 
of  Particles  which  ftrike  on  the  Area  of  the  Sail  in  a 
given  Time;  both  which  are  as  the  Sine  of  the  A?tgle  of  Incli- 
7iation\  and  therefore  on  Windmill  Sails,  the  Force  of  the  TVmd 
increafes  or  decreafes  with  the  Squares  of  the  Shie  of  the  Angle  of 
Incide?tce. 

PIence,  in  refpedl  to  the  Sails  of  a  Ship^  fince  the 
Force  of  a  direEi  IVind  is  to  that  of  a  Wind  blowing  Exp.  145. 
obliquely,  as  the  Square  of  Radius  to  the  Square  of 
the  Sine  of  the  Angle  of  Incide?ice.,  it  will  follow,  that  two  equal 
Sails  fet  oblique  to  the  Wind  are  more  advajttageous  tha7t  0J7e  fet 
direSily  before  it ;  provided  the  Angle  of  Obliquity  or  Inclination 
exceeds  45  Degrees. 

It  is  to  be  obferved,  that  in  order  to  turn  a  Ship 
about  in  the  leaft  Time,  or  with  the  greateft  Celerity  Exp.  146. 
poffible,  the  Rudder  ought  to  make  an  Angle  with  the 
Stern  of  54  Degrees,  44  Minutes:  And  alfo,  that  this  is  the  An¬ 
gle  which  the  Gates  of  a  Lock  or  Sluice  upon  a  River  ought  to 
make  with  the  Sides  of  the  River,  in  order  to  reiift  the  V/ ater 
with  the  greateft  poftible  Force. 

I  SHALL  conclude  this  Leefture  with  a  few  Words  concerning 
Wheel-Carriages,  the  whole  Doeftrine  whereof  (as  it  ftands  on 
a  Mathematical  Theory )  may  be  reduced  to  the  follow¬ 
ing  Particulars,  viz,  (i.)  Wheel- Carriages  meet  with  Exp.i'\^y. 
lefs  Reftftance  than  any  other.  (2.)  The  larger  the 
Wheels,  the  eafter  is  the  Draught  of  the  Carriage. 

(3.)  A  Carriage  upon  four  large  Wheels,  of  equal  Size,  i4'9- 
is  drawn  with  lefs  Force  than  with  two  of  thofe  Whjeels, 
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and  two  of  a  lelTer  Size.  (4.)  If  the  Load  be  laid  on 
150*  Axle  of  the  larger  Wheels,  it  will  be  drawn  with 

lefs  Force  than  if  laid  on  the  Axis  of  the  leffer  Wheels ;  contra¬ 
ry  to  the  common  Notion  of  loading  Ca?'riages  before* 
Exp.  151.  (5 .)  The  Carriage  goes  with  much  lefs  Force  on  Fri&ion- 

Wheelsy  than  in  the  common  way ;  all  whicn  will  be 
confirmed  by  Experiments. 


LECTURE  IV. 


HYDROSTATICS. 

YDROSTATICS  is  that  Part  of  Philofophy  which 
treats  of  the  Nature,  Gravity,  and  Preflhre  of  Fluids. 
A  Fluid  is  a  Subftance  whofe  Particles  yield  to  the  leaf!: 
partial  PrelTure,  or  Force  imprefs’d.  And  hence  ’tis  reafonable 
to  infer,  that  thofe  Particles  muft  be  exceeding  fmall,  fmooth, 
round,  and  ponderous  Bodies ;  and  obferve  all  the  Laws  of  Mo¬ 
tion  and  mutual  Ad:ion  in  common  with  thofe  of  all  other  Mat¬ 
ter.  The  following  are  the  Laws  and  Properties  of  fluid  Bodies. 

I.  yd/l  Fluids  are  bicomprefjible.^  except  Air ;  or,  they  cannot 
by  any  Force  be  comprejs  d  into  a  lefs  Space  than  what  they  natu¬ 
rally  poffefs'.^  as  is  proved  by  the  Florentine  Experiment 

Exp.is'2-.  of  filling  a  Globe  of  Gold  with  Water,  which  when 
prefs’d  with  a  great  Force,  caufes  the  Water  to  tranfude 
or  iflhe  through  the  Pores  of  the  mafiy  Gold,  in  Form  of  Dew, 
all  over  its  Surface. 

II.  Air  is  the  07ily  compreffible  Fluid  in  Nature ;  for  by  an 
equal  Force  or  PrelTure  over  all  its  Surface  it  may  be  reduced 
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within  lefs  Dimenfions ;  which  is  owing  to  its  Elajlicity^  of  which 
we  fhall  treat  in  Pneumatics. 

III.  y^//  Fluids  gravitate^  or  weighs  m  proportion  to 

their  ^antity  of  Matter  \  and  that  not  only  in  the  Exp.is^. 
Air,  or  in  Vacuo^  but  m  proprio  Loco ;  or,  -  a  Fluid 
weighs  the  fame  communicating  with  a  Quantity  of  that  Fluid, 
as  m  Vacuo  \  which  all  Philofophers  (till  very  lately)  have  denied. 

IV.  From  the  Gravity  of  Fluids  arifes  their  Pref- 

fure.^  which  is  always  proportional  thereto ;  and  flnce  Exp.  1 54. 
we  may  fuppofe  all  the  Particles  of  a  Fluid  to  have 
equal  Bulk  and  Weight,  the  Gravity  of  the  Fluid,  and  confe- 
quently  its  Preffure,  will  be  always  proportio7'ial  to  the  Altitude  or 
Depth  thereof  Whence  the  Weight  and  Preffure  of  Fluids  on 
the  Bottoms  of  Veffels,  &c,  mult  be  equal. 

V.  Fhe  PreJJure  of  Fluids  upwards  is  equal  to  the  Prejfure 
downwards j  at  any  given  Depth.  To  illuftrate  this, 

and  the  foregoing  Propofition,  let  A  BCD  be  a  Veffel  Eig.  XV. 
of  Water,  whofe  Altitude  EF  fuppofe  to  confift  of  a 
Column  of  10  aqueous  Particles:  Then,  ’tis  evident,  the  ffrfl:  or 
uppermoft  Particle  i  can  ailed;  the  next  Particle  2  only  by  its 
Weight  or  Preffure,  which  therefore  is  as  i  ;  and  fince  that  Par¬ 
ticle  2  is  immoveable,  and  Adion  and  Re-adion  equal  -and  con¬ 
trary,  the  faid  Particle  2  will  re-ad  upwards  upon  the  Particle  i 
with  a  Force  which  is  as  i.  In  the  fame  manner  the  Particle  2 
ads  on  the  Particle  3  by  Preffure  downwards,  with  2  Degrees  of 
Force,  ariBng  from  its  own  Weight  and  that  of  the  Particle  above 
it ;  and  accordingly  it  is  prefs’d  upwards  with  an  equal  Force  by 
the  Re-adion  of  the  Particle  3  :  And  fo  of  all  the  reft.  Where¬ 
fore  the  Propofttions  are  manifeft. 

VI.  fPhe  Prejfure  is  upon  all  Particles  of  the  Fluid 

at  the  fame  Depth  equal  in  every  Part\  or,  the  Par-  Exp.  155. 

tides  of  a  Fluids  at  the  fame  Depth.,  prefs  each  other 

every  way,  and  in  all  DireBions,  equally*  For  if  any  Particle 

were 
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were  prefs’d  more  on  one  Part  than  another,  it  niufl  give  way,  or 
vield,  till  the  PrefTure  became  every  way  equal ;  otherwife  an  in- 
cefiant  intchine  Motion  of  the  Particles  would  enfue,  which  is 
abfiird,  and  contrary  to  Experience. 

VII.  From  the  mutual  PrefTure  and  equal  Action  of 
156.  the  Particles  it  follows,  that  the  Sw^face  of  a  Fluid 
muf  he  perfeElly  fmooth  a77d  ea)en ;  for  fhould  any  Part 
ftand  higher  than  the  reft  by  any  Force,  as  Attraction,  it 

would  immediately  fubfide  to  a  Level  with  the  other  Part  by  the 
Force  of  its  own  Gravity,  when  that  Force  is  removed. 

VIII.  T  HE  Figure  of  the  Surface  of  all  Fluids  is  fpherical  or 
convex ;  for  all  the  Particles  equally  gravitating  towards  the  Cen¬ 
ter  of  the  Earth,  will  take  their  Places  from  it  at  equal  Diftances 
at  the  Surface,  and  fo  form  a  Pait  of  the  Superficies  of  a  Sphere, 
equal  to  the  Bulk  of  the  Earth. 

IX.  Since  Fluids  prefs. equally  every  way,  the  PrefTure  of  each 
Particle  againft  the  Side  of  a  VefTel  will  be  proportional  to  its  Al¬ 
titude  ;  and  confequently  the  PrefTures  of  the  Particles, 

Fig.XY.  I,  2,  3,  4,  of  a  perpendicular  Column  againft  the 
Side  B  C  will  be  as  a  Series  of  Numbers  in  Arithmeti¬ 
cal  ProgrefTion,  whofe  firft  Term  is  o ;  therefore  the  Sum  of  all 
the  P reflates  is  equal  to  the  Number  of  Preffures  7nultiplied  by 
half  the  greatefl  Prejjure :  But  the  Number  of  PrefTures  is  as  the 
Number  of  Particles,  or  Altitude  of  the  Fluid  BC;  alfo  the 
greateft  Prefiure  is  as  the  fame,. Altitude :  Wherefore  the  total 
Prejfure  agai?if  the  Side  of  a  V ejfel  is  as  the  Square  of  the  Alti¬ 
tude  of  the  Fluid. 

X.  FI  ENCE  if  the  Veflel  AC  be  of  a  Cubical  Form,  the  Pref- 

fure  againft  a  Side  B  C  is  half  that  upon  the  Bottom  CD;  and 
confequently,  the  total  Prejfure  agamfl  the  Sides  afid  Bottom  is 
equal  to  three  thnes  the  W eight  of  the  Fluid  o?i  the  Bottom  of  fuch 
a  V ejfel.  ‘  ^  ' 
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XI.  The  Weighty  Pf^effurCy  or  EffeSi  of  a  Fluid  upon  the  Bot¬ 
tom  of  any  Vefel  AC  D E  F,  is  proportional  to  the 
Altitude  AE  077lyy  a^id  not  to  the  ^piantity  of  the  Fluid  Fig.  XVI. 
in  the  Veffel:  For  every  Column  of  Particles  GH, 

.which  preffes  downwards  on  the  Side  of  the  Veffel  E  F,  has  its 
Force  deftroy’d  by  the  equal  Re-a6tion  of  the  fubjacent  Particle 
H  in  the  Side,  and  fo  cannot  at  all  affed  the  Bottom  of  the  Vef¬ 
fel.  Again ;  the  Preffure  of  any  Column  of  Particles  L  M  up¬ 
wards,  againft  the  Side  of  a  Veffel  C  D,  is  equally  re-aded  by 
the  Particle  of  the  Veffel  over  it,  and  fo  its  Force  or  Preffure  on 
the  Bottom  muft  be  the  fame  as  that  of  another  Column  of  Par¬ 
ticles  AB  of  equal  Altitude  with  the  Fluid:  Whence  the  Propo¬ 
rtion  is  evident. 

XII.  Hence  a  very  fnall  ^aittity  of  a  Fluidy  as 
APRS,  7}iay  be  iJtade  to  cou77ter-balance  or  be  equiva-  Fxp.  157. 
lent  to  the  Weight  or  Force  of  any  given  Quantity 

T  K  GV,  how  great  foever’y  as  will  be  manifeft  from  Experiment. 

XIII.  Whe  N  any  Body  is  immerfed  in  a  Fluid,  it 

lofes  juf  fo  7nuch  of  its  Weight  as  i$  equal  to  the  W eight  Exp.  158. 
of  afi  equal  Bulk  of  the  Fluid  \  but  the  Weight  lof  by 
the  Body  is  gam  d  by  the  Fluidy  which  will  be  fo  much  159^ 
heavier  than  before ;  as  will  appear  from  Experiments. 

XIV.  If  any  Body  E  could  be  found  without  Weight, 

it  wouldy  if  placed  on  the  Surface  of  a  Fluid  AB,  float  Fig.  XVII. 
thereon  without  any  Part  hnmerfed  therein 'y  for  being  Exp.  160. 
devoid  of  Gravity,  it  could  have  no  Force  to  difplace 
any  Particles  of  the  Fluid,  and  fink  therein. 

XV.  If  any  heavy  Body  F,  lighter  than  an  equal  Bulk  of  the 
Fluidy  be  placed  on  its  Surfacey  it  will  fmk  or  defcend 
thereiny  till  it  has  retnoved  or  dif placed  fo  much  of  the  ‘  Exp.  161. 
Fluid  whofe  W eight  is  equal  to  that  of  the  Body  :  For 

then  the  Preffure  upwards  and  downwards  on  the  under  Surface  of 
the  Body  is  equal  3  and  confequently  the  Body  will  be  fhere  qui- 

’  F  efcent, 
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efcent,  or  in  Equilibrio  with  the  Fluid.  •  Hence  the  whole  Solid 
is  to  the  immerfed  Part^  as  the  fpecijic  Gravity  of  the  Fluid  to 
that  of  the  Solid. 

XVL  If  ^  Solid.,  as  G,  equal  m  W zight  to  an  equal  Bulk  of 
the  Fluid.,  be  immerfed  therein.,  it  will  take  any  Situa- 
Exp.  162.  tio7i  indifferefitly  m  any  Part  of  the  Fluid,  as  at  G,  H,  I, 
without  a?2y  tendency  to  afce72d  or  defcend  therem :  For 
being  totally  immerfed,  it  muft  remove  a  Parcel  of  the  Fluid  of 
equal  Bulk  and  Weight;  and  confequently  the  PrelTure  upwards, 
is  equal  to  the  Tendency  downwards  on  the  lower  Surface  every 
where ;  and  therefore  it  can  have  no  Power  to  fink ;  Alfo  the 
Preffure  downwards  muft  be  equal  to  the  Preffure  upwards  on  the 
upper  Surface,  whence  it  can  have  no  Tendency  to  rife  or  fwim ; 
it  will  therefore  remain  at  Reft  in  any  Pofition,  G,  H,  I,  wherefo- 
ever  in  the  Fluid. 

XVII.  L  ASTLY,  If  a  Body  K  or  L,  heavier  tha7t  a7i  equal  Bulk 
of  the  Fluid,  be  unmerfed  therein,  it  will  defcend  by  the 
Exp.  163..  Fxcefs  of.  its  Gravity  above  that  of  the  Fluid :  For, 
when  immerfed,  it  will  be  refifted  by  the  Force  of  an 
equal  Bulk  of  the  Fluid,  which  therefore  will  deftroy  juft  fo  much 
of  the  Gravity  of  the  Solid ;  and  confequently,  the  Refidue  or 
Excefs  of  Gravity  in  the  Solid  is  that  alone  by  which  it  muft  de¬ 
fcend. 

From  what  has  been  premifed  of  the  Nature  of  Fluids,  it  will 
be  eafy  to  underftand,  that  the  lightefi  Body  P  inay  be 
Exp.  164.  deprejs'd  in  the  heaviefl  Fluid,  by  any  Contrivance  to 
keep  the  faid  Fluid  from  prefling  on  the  under  Surface 
of  the  light  Body,  by  which  means  only  light  Bodies  are  made  to 
iwim.  Thus  Cork  or  Wood  will  abide  at  the  Bottom  of  a  Veffel 
su’d  with  Quickfilver. 

Exp  165  Again  :  On  the  other  hand,  the  heavief  Body  M  7nay 
be  made  to  fwwt  in  the  lightefi  Fluid,  by  keeping  the 
faid  Flmd  frotn  pre^mg  on  its  upper  Surface,  by  means  of  the 
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Tube  N  O :  For  when  by  this  means  it  is  immerfed  fo  deep  as  to 
keep  off  an  equal  Weight  of  the  Fluid,  the  Preffure  then  of  the 
Fluid  adling  upon  its  under  Surface  upwards  will  be  equal  to  the 
Weight  of  the  Solid  tending  downwards ;  and  therefore  if  the 
Solid  be*  funk  ever  fo  little  deeper,  it  muft  fwiin  by  the  fuperior 
Force  or  Preffure  of  the  Fluid  upwards. 

Hence  alfo  the  Reafon  of  trying  the  different  Gravity^  De?t- 
ftty^  or  Strength  (as  it  is  commonly  call’d)  of  divers 
Fluids  or  fpirituous  Liquors  by  the  Hydroa/[eter  or  ,  Exp,  166, 
TV  at  er-Poife :  For,  lince  the  ftronger  any  Fluid  is,  the 
greater  will  be  its  Refiftance  to  any  Solid  immerfed,  ’tis  evident 
the  Hydrometer  cannot  link  fo  far  into  the  heavy  or  ftrong  Flu¬ 
ids,  as  into  thofe  which  are  lighter  or  weaker.  The  feveral  De¬ 
grees  of  Strength,  therefore,  are  ealily  fhewn  by  the  graduated 
Neck  of  this  Inftrument.  -  ^ 

The  Hydrostatic-Balance  is  alfo  an  Inftrument  _ 

ill. 

invented  on  the  fame  Principle.  By  it  we  have  a  mof 
ufeful  and  ready  Method  of  fielding  the  various  comparative  or  fpe- 
cific  Gravities  of  Fluids  and  folid  Bodies^  to  the  lafl  Degree  of 
Accuracy  \  efpecially  in  the  New  StruElure  and  Method  of  ttf?7g 
it^  as  reprefented  in  Plate  III.  Fig,  XVIII. 

The  fpecific  Gravity  of  Fluids  is  -readily  determin’d 
by  weighing  one  and  the  fame  folid  Body  in  them  fe-  Exp.  167. 
verally ;  for  ftnce  we  fuppofe  the  Balance  in  Fquilibrio 
with  the  Body  fufpended  in  the  Air,  the  Equilibrium  will  be  de- 
ftroy’d  when  the  Solid  is  immerfed  in  the  Fluid,  and  muft  be  then 
reftored  by  Weights  put  into  that  Scale  to  which  the  Body  is 
appended.  Thefe  Weights  will  feverally  exprefs  the  Gravities  of 
an  equal  Bulk  of  the  refpedtive  Fluids;  and  confequently,  they 
may  thus  be  compared  wdth  each  other,  or  all  of  them  with  the 
Gravity  of  common  JVater,^  as  ufual,  and  difpofed  in  a  proper 
Table;  making  that  of  Water  1,000. 
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In  the  fame  manner,  if  divers  Solids  are  iirft  weigh’d 
Exj>.  1 63.  in  Air,  and  then  afterwards  immerfed  in  the  fame 
Fluid,  as  \¥ater,  for  Inftance,  the  Equilibrium  will  be 
defcoy’d ;  which  will  be  reftored,  as  before,  by  putting  in  fo 
m  <ch  Weight  as  is  equal  to  the  Weight  of  the  fame  Bulk  of  Wa¬ 
ter:  The  Gravity,  therefore,  of  every  Solid  is  thus  compared 
with  Water,  and  eonfequently  with  each  other;  as  in  the  fol¬ 
lowing  Table.. 

The  Application  of  Hydrofatics  to  the  feveral  Ufes 
Exp.  i6g.  of  Life  will  be  evident  from  the  following  Inftances; 

having  firft  premifed,  that  a  Cubic  Foot  of  cotnmon  W a- 
ter  weighs  very  exaElly  icoo  Ounces  Averdupois.^  or  62  Pounds 
and  a  half ;  which  may  be  reduced  to  Troy  Weight,  by  confider- 
ing,  that  the  Averd.  Pound  is  to  the  Troy  Pound  as  1 7  to  1 4, 
and  the  Averd.  Ounce  to  the  Troy  Ounce  as  51  to  56. 

Hence,  to  find  the  ^antity  of  PreJJure  again f  the 
Exp.  170.  Sluice  or  Bank  that pe7ts  the  Water.,  we  have  this  Rule; 

Multiply  the  Area  of  the  Sluice  tmder  Water  by  the 
Depth  of  the  Center  of  Gravity  m  Feet,  a77d  that  ProduEl  again 
by  62  the  ProduSl  will  be  the  Nutnber  of  Pounds  required. 
Exajnple :  Admit  the  Length  of  the  Sluice  be  20  Feet,  the  Depth 
of  Water  5  ;  then  will  the  Area  under  Water  be  100  Square 
Feet;  which  multiplied  by  2\,  the  Depth  of  the  Center  of  Gra¬ 
vity,  gives  250  Cubic  Feet ;  which  again  multiplied  by  62-’, 
gives  15625  /^.  equal  to  7  Tons  nearly. 

Again:  Swce  the  Weight  of  Bodies  is  always  as  the  fpecifc 
Gravity  in  equal  Bulks,  it  follows,  that  the  Numbers  in  the  fol¬ 
lowing  Table  do  alfo  exprefs  the  Number  of  Averdupois  Ounces 
contain’d  in  a  Cubic  Foot  of  each  refpedfive  Sort  of  Matter  there¬ 
in  mention’d.  Therefore,  if  the  Magnitude  of  atipg 
Exp.  iji.  Body  be  7nultiplied  by  the  fpecifc  Gravity,  theProduSl 
will  be  its  abfolute  Weight.  Thus,  fuppofe  I  would 
know  what  Weight  of  Lead  will  cover  a  Church  whofe  Area  is 
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3 0000  Feet,  and  the  Thickiiefs  of  the  Lead  of  a  Foot:  Then 
fer  Rule,  (30000  x  7^  ==)  300  x  11325  =339750  Ounces, 
or  97  J  Tons;  the  Weight  required.  Another  ufehil  Problem 
is,  to  Jind  the  Magnitude  of  any  Tdhmg^  when  the  W eight  is  k?20wn\ 
which  is  done,  hy  dividing  the  TV eight  by  the  fpecific 
Gravity  m  the  Tfable^  the  Quotient  is  the  Magnitude  Exp.iji, 
fought.  For  Inftance,  What  is  the  Magnitude  of 
feveral  Fragments  of  Coral  whofe  Weight  is  7  Ounces  ?  Di¬ 
vide  7  by  the  fpecihc  Gravity  2690,  the  Quotient  is  of  a  cu¬ 
bic  Foot ;  then  7^  x  1728  ==  4  ^  Cubic  Inches,  very  nearly,  the 
Magnitude  required. 

Also,  hy  knowing  the  Magnitude  and  TVeight\we  can 
find  the  fpecific  Gravity,^  by  dividing  the  TV  eight  hy  the  Exp.  173. 
Magnitude  in  Cubic  Feet,  Thus  fuppofe  a  Piece  of 
Marble  contain  4  Cubic  Feet,  and  weighs  603  or  1 0800  Ounces ; 
then  ==  2700,  the  fpecific  Gravity  required,  as  per  Table. 

Having  given  the  fpecific  Gravity  of  Gold  to  Silver 
as  19  to  II,  and  fuppofe  any  Compound  thereof,  as  Exp.iy^.. 
King  mend's  Crown.^  whofe  fpecific  Gravity  is  16;  to 
determine  the  Proportion  and  Weight  of  the  Gold  and  Silver  em¬ 
ploy’d  in  making  it,  fay.  As  the  Difference  of  the  fpecific  Gravi¬ 
ties  of  the  Compound  and  the  lighter  Ingredient j  viz.  5,  is  to  the 
Difference  of  the  fpecific  Gravities  of  the  heavier  Ingredient  and 
the  Compound^  viz.  3,  is  the  Bulk  of  Gold  to  that  of  Silver 
made  ufe  of.  That  is,  if  the  whole  Crown  were  divided  into  8 
Parts,  the  Gold  would  confift  of  5,  and  the  Silver  of  3  :  Then* 
the  Magnitudes  5  and  3,  multiplied  by  the  fpecific  Gravities  19 
and  II  feverally,  will  give  the  Numbers  95  and  33,  which  ex- 
prefs  the  Proportion  of  the  TV eight  of  the  Gold  to  that  of  the' 
Silver, 

Since  Bodies  of  different  fpecific  Gravities,  equipon-  ^  ^ 
derating  each  other  in  Air,  upon  being  immerfed  into 
Water,  will  have  the  immediately  deftroy’d  by  the 
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greater  Refiftance  of  the  Fluid,  and  confequently  the  greater 
I.ofs  of  Weight  in  the  lightell  and  incft  bulky  Body ;  therefore  it 
follows,  that  in  buy  mg  Gold^  which  is  heavier  tha7i  Brafs^  we 
Ihould  chufe  the  light efi  Air^  i.  e.  when,  the  Mercury  in  the  Ba¬ 
rometer  ftands  lower!:;  but  in  buymg  Precious  Stones^  Pearls^  See. 
w^hich  are  lighter  tha7t  Brafs^  the  beft  Time  to  do  it  in  is  whe7t 
the  Air  is  heaviejl  and  7710JI  buoya7it^  viz,  when  the  Quickfilver 
ftands  higheft  in  the  Barometer:  But  in  fellmg  Gold  or  Jewels^ 
the  contrary  Rules  are  to  be  obferved  in  regard  to  the  Gravity  of 
the  Air. 

Once  more:  Since  the  Good7tefs  of  Mitieral  Waters^  Drugs 
Metals^  precious  St077esy  See.  is  bef  fkw7i  by  their  fpecife  Gravi¬ 
ty,,  it  will  at  once  appear  of  what  vaft  Importance  the  Hydrofta- 
tic  Balance  is,  and  how  abfolutely  necelfary  in  the  Hands  of  eve-, 
ry  judicious  Dealer  in  any  inch  kind  of  Commodities. 

I  HAVE  thought  it  expedient  the  Reader  fhould  be  acquainted 
with  the  Form  and  Manner  of  tiling  fo  curious  and  va- 

XVIII.  luable  an  Inftrument,  as  here  improved  and  reprefented 
in  Fig.  XVin.  The  Parts  of  which  are  AB,  the  Foot 
on  whicli  it  ftands ;  C  D,  a  Pillar  fupporting  a  moveable  Brafs 
Plate  E  F,  faften’d  thereto  by  the  Screw  in  the  Knob  e.  In  the 
End  of  this  Plate  is  fix’d  an  upright  Piece  I K,  fupporting  ano¬ 
ther  Plate  G  H,  which  Aides  backw^ards  and  forwards  thereon,  and 
is  moveable  every  way  about  it.  In  the  End  of  this  Plate,  at  FI, 
is  fix’d  (by  a  Nut  beneath)  a  Wire  L  M,  tap’d  with  a  fine  Thread 
from  one  End  to  the  other ;  upon  this  moves  the  Swan- Neck  Slip 
of  Brafs  N  O,  to  which  a  very  exadt  Balance  is  hung  at  the  Point 
N ;  to  one  of  whofe  Scales  P  is  appended  the  heavy  Body  R,  by 
a  fine  Horfe-hair  or  Piece  of  Silk  S :  The  Weight  of  the  faid  Bo¬ 
dy  R  in  the  Air  is  exprefs’d  by  the  Weights  put  into  the  Scale 
to  make  an  Equilibritmi  therewith,  which  being  deftroy’d  by  im- 
merfing  the  Solid  in  the  Fluid  TV,  contain’d  in  the  Glafs  WV, 
is  again  reftored  by  Weights  put  into  the  Scale  P.  So  that  the 
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TV  eights  in  the  Scale  Q^compared  with  thofe  m  the  Scale  P,  Jhew  at 
once  the  fpecijic  Gravity  of  the  Solid  R  to  that  of  the  Fluid  TV. 

By  this  means  a  Table  of  Specific  Gravities  for  all  Sorts  of  So¬ 
lids  and  Fluids  may  be  compofed,  in  manner  of  the  Specimen 
following : 


Fine  Gold,  — 

19,640 

Standard  Gold,  — •  —  —  — . 

18,888 

Mercury,  —  —  —  ' 

14,000 

Lead,  —  — ^  —  — 

IU325 

Fine  Silver,  —  —  — 

11,091 

Standard  ditto,  —  —  — 

10:535 

Copper,  —  — 

9,000 

Brafs,  —  — -  —  — 

8,000 

Iron,  —  —  —  — 

7^645 

Tin,  —  —  —  — . 

7»32o 

Diamond,  —  —  — 

3j400 

Glafs,  — - 

—  — 

3*150 

Marble,  —  — ■ 

—  — 

2,700 

Coral,  — '  — 

—  — 

2,690 

Stone,  —  — 

—  — 

2,500 

Bone,  —  — 

— 

2,000 

Ivory,  —  •— 

—  — 

1,825 

Oil  of  Vitriol,  — 

—  — 

1,700 

Milk,  —  — 

—  — 

1,030 

Common  Water,  *— 

—  — 

1,000 

Firr,  ,,  —  — 

—  — 

0,550 

Cork,  —  — 

• 

0,240 

LECTURE  V. 

HYDRAULICS. 

By  hydraulics  we  are  to  underftand  the  Science  of 
the  Motion  of  Fluids,  and  the  Conftrudfion  of  all  Kinds 
of  Inftruments  and  Machines  relating  thereto ;  alfo  the  Na¬ 
ture  of  Springs,  the  Theory  of  the  Tides,  ^c,  arc  ufually  ex¬ 
plain’d  under  this  Head. 

The  Motion  of  Fluids^  viz.  their  Defcent  or  Rife  below  or 
above  the  common  Surface  or  Level  of  the  Source  or  Fountain  is 
caufed  either  (i.)  By  the  Natural  Gravity  or  PrefTure  of  the  Fluid 
contain’d  in  the  Refervoir  or  Fountain  ;  or  (2.)  By  the  PrefTure 
or  Weight  of  the  Air  on  the  Surface  of  the  Fluid  in  the  Refer¬ 
voir,  when  it  is  at  the  fame  time  either  taken  off,  or  diminifhed, 
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on  fome  Part  in  Aqueducts,  or  Pipes  of  Conduit.  (3.)  By  the 
Spring  or  elaffic  Power  of  compreflod  or  condenfed  Air,  as  in  the 
common  Water-Engine.  (4.)  By  the  Force  or  Preffure  of  Piftons, 
as  in  all  Kinds  of  forcing  Pumps,  &^c,  (5.)  By  the  Power  of  At¬ 

traction,  as  in  the  Cafe  of  Tides,  &^c.  Of  all  which  in  Order. 

I.  The  moft  natural  Motion  of  Fluids  is  that  ariling 
Esp.iyC.  from  the  Force  of  their  own  Gravity,  by  which  thofe 
Parts  which  (land  higheft  prefs  upon  others  below  them, 
611  by  that  means  they  rife  to  the  fame  horizontal  Level.  Thus 
Water  in  a  Fountain  A  BCD  by  its  Preffure  raifes  that 
Fig.  XIX.  in  the  Aquedudl  F  G  H  to  the  fame  Height  I  K  L  M,  in 
every  Diredlion  or  Polition  of  the  Du6l  G  H  or  G  N ; 
unlefs  the  Orifice  of  the  faid  Dud  be  below  that  Level,  in  which 
Cafe  the  Water  will  continually  flow  from  the  fame.  The  Reafon 
hereof  is  evident  from  the  Principles  of  HydroJlaticSy  where  it  was 
Ihewn,  that  the  Prejfure  of  Fluids  was  in  proportion  to  the  Altitude 
only.,  af'id  not  according  to  the  ^^antity  thereof  \  and  therefore 
the  Effed  or  Rife  of  the  Fluid  in  the  Dud  muft  be  equal  thereto. 
Or  thus ;  Fhe  V elocity  of  the  Fluid  in  the  DuB  at  L,  is  to  that  m 
the  Foimtain  at  I as  the  ^ua^itity  of  the  Fluid  m  the  Fountam 
is  to  that  i7i  the  DuB ;  whence  (from  the  Principles  of  Mechajtics ) 
the  MotnenUttn  of  the  Fluid  in  each  will  be  equal,  and  confe- 
quently  an  Fquilibrimn  will  enfue  at  equal  Altitudes  K  and  L  in 
both. 

Hence  we  have  Conduits  often  fupplied  with  Water  from 
Springs  which  lie  above  them  ;  and  Cocks  to  fupply  the  Inhabi¬ 
tants  of  a  Town  with  Water  by  Pipes  of  Conduit  proceeding  from 
a  Refervoir  in  a  Situation  above  the  hio-heft  Part  of  the  Town. 

Hence  alfo  the  Defcent  of  Water  in  Rivers,  Streams,  and  Ca¬ 
nals,  from  Springs  and  Sources  above  the  common  Surface  of  the 
Earth;  and  the  Breaking  out  of  Springs  at  the  Bottoms  and  on  the 
Side  of  Hills,  from  Cifterns  and  Refervoirs  in  the  internal  Parts 
above  them,  which  receive  their  Watds  from  Rain.,  Dew,  con^ 
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denfed  Vapours^  melted  Snow^  &:c.  diflilling  or  percolated  through 
the  Pores  or  Crevices  and  Chafms  of  the  upper  Part  of  the 
Earth. 

By  the  Preffurc  of  the  Fluid  it  may  eafily  be  con-  , 
vey’d  over  Vallies  and  Hills  by  bended  Pipes  or  Sy-  Esp.iyj. 
phons,  from  Ponds  or  Refervoirs  in  a  higher  Situation; 
which  the  Ancients  being  ignorant  of,  were  at  vaft  Pams  and  Ex¬ 
pence  very  often  to  efiedl.  Hence  the  running  of  Water  through 
the  bended  Sypho?i  accountsifor  the  odd  Phsenomena  of  mtermit- 
ti?7g  and^  reciprocati^tg  Springs ;  and  alfo  in  that  Inftru- 
ment  call’d  the  Tantalus-Cup  ;  as  will  be  evident  from  E>:p,  178. 
Experiment.  The  Rife^of  Water  in  Wells  alfo  is  owing 
to  the  Weight  of  that  in  the  fubterranean  Cifterns  from  whence 
they  are  fnpplied  by  proper  Canals  or  Springs. 

From  the  Preffure  of  the  fuperior  Fluid  we  have  the 
Invention  of  a  Natural  Fount ai?^^  which  playing  from  Exp.  179. 
the  fmall  Orifice  of  an  Adjutage  at  the  Bottom,  will 
fpout  very  beautifully  nearly  to  the  Height  of  the  Water  from  the 
Fountain ;  but  it  cannot  quite  reach  that  Altitude,  by  reafon  of 
the  Air’s  Refiftance. 

From  this  Preffure  of  Fluids,  as  the  Caufe,  we  can  eftimate 
the  various  Mome7tta  or  Forces  of  feveral  Jets  fpouting  through 
the  Sides  or  Bottoms  of  Veffels  at  different  Depths  below  the  Sur¬ 
face  :  For  the  Mo?ne?ita  of  Fluids,  as  well  as  folid  Bodies,  is  cofn- 
pounded  of  the  ^luajitity  of  Matter  a?id  Velocity ;  but  in  fpouting 
Fluids,  the  ^ua^itiiy  of  the  Fluid  ifuing  through  the  fa7?ie  Hole 
in  the  fa77ie  Ti7ne  is  always  as  the  Celerity  of  its  Mot  ion  as  is  eafy 
to  conceive :  Whence  the  Mo7ne7ita  of  fpout  mg  Fluids  are  pro- 
portio77al  to  the  Squares  of  the  V elocities^  or  Quantities  of  Mat¬ 
ter  iffuing  out  in  a  given  Time:  But  fince  the  Mo7ne7ita  are  the 
Effedl  of  Preffure,  it  is  evident,  Floe  V docity^  or  Quantity  of  fpout- 
77ig  Fluids  is  ever  proportiG7ial  to  the  Square  Root  of  the  Preffure 
or  Altitude  of  the  Fluid. 
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From  hence  it  appears,  that  the  V elocity  of  a  Fluid  fpouting 
at  a?iy  Depth  below  the  Surface^  is  equal  to  the  Velocity  a  heavy 
Body  would  acqui^^e  by  falling  from  the  fa^tie  Height ;  becaufe 
that  Velocity,  as  was  obferved,  is  always  as  die  Square  Root  of 
the  Space  defcended  through.  If  therefore  on  the  Al- 
Fig.  XX.  titude  of  the  Fluid  A  K,  as  a  Diameter,  we  defcribe 
the  Semicircle  A  F  K ;  and  from  any  Point  therein,  as  I, 
we  draw  the  Perpendicular  I H,  that  fhall  be  proportional  to  the 
Diftance  to  which  the  Fluid  will  fpout  from  an  Adjutage  at  H  :  For 
the  Velocity  will  be  as  the  Square  Root  of  A  H,  and  the  Fime  as 
the  Square  Root  of  H  K ;  whence  the  Produdt  of  thefe  two  will 
exprefs  both  the  Space  pafs’d  over  by  the  projected  Body,  and  al- 
fo  the  Line  H  I,  as  is  well  known  to  Geometers. 

H  ENCE  it  follows,'  that  a  Fluid  will fpout  from  a  Hole  or  Adju¬ 
tage  D  in  the  Center  of  the  Semicircle^  or  middle  Point  of  the  Al¬ 
titude  A  K,  to  the  greatef  Horizontal  Diflance  K  M  pojfble  ;  be¬ 
caufe  the  Perpendicular  F  D  is  the  greateft  that  can  be  drawn  to 
the  Diameter  AK.  Alfo  ’tis  evident,  ^^2Xfrom  two HolesB  andYi^ 
equally  difant  above  ajtd  below  the  tniddle  Altitude  D,  the  Jets  of 
JV ater  will  be  made  to  the  fame  horizontal  Diftance  K  N  ;  becaufe 
the  Perpendiculars  to  thefe  two  Points,  viz,  CB  and  IH,  are 
equal.  '  ■ 

Moreover,  the  horizontal  Diftance  KM,  to  which 
Exy.  i8o.  the  Water  fpouts  from  D  the  Center,  is  equal  to  the  Di¬ 
ameter  or  Altitude  A  K,  or  twice  D  F.  For  ftnce  the 
Velocity  of  the  Jet  at  O  is  equal  to  that  acquired  by  falling  thro’ 
the  Height  AD,  or  D K,  it  will,  as  being  uniform,  carry  the  Fluid 
in  an  horizontal  Direction  over  twice  the  Space  D  K  or  D  F  in  the 
fame  Time :  And  therefore,  ftnce  the  Diftances  of  Jets  from  D 
and  B  are  as  D  F  to  BC,  and  the  Diftance  of  the  Jet  from  D  is 
equal  to  twice  DF,  the  Diftance  of  the  Jet  from  B  will  be  alfo 
equal  to  twice  B  C,  or  K  N  =  2  B  C. 
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I  SHALL  only  obferve  farther  in  regard  to  fpouting 
Water,  that  the  Jet  will  go  farther  through  the  bare  i8i. 
Hole  in  the  Veffel  at  P,  Q,  or  R,  than  through  the  Ad¬ 
jutage  P  B  inferted  in  thole  Holes,  and  farther  ftill  in  proportion 
as  the  Adjutage  is  Ihorter  and  the  Bore  larger.  On  the 
contrary,  if  a  Pipe  be  inferted  perpendicularly  into  the  Exp.  182. 
Bottom  of  a  Velfel,  it  will  difcharge  itfelf  fooner  thro’ 
it,  than  thro’  the  bare  Hole ;  and  ftill  quicker  as  the  Pipe  is  longer 
and  larger. 

II.  The  fecond  Caufe  of  the  Rife  or  Motion  of  Fluids  is  the 
Prejfure  of  the  Air  on  the  Surface  of  that  in  the  Foun¬ 
tain  or  Refervoir.  Thus  if  a  Syphon  or  Crane  be  im-  Exp.  183. 
merfed  with  the  fliorter  Leg  in  Water,  and  the  Air  184. 
fuck’d  out  of  the  Inftrument,  the  Fluid  will  afcend  in¬ 
to  the  vacuous  Space  by  the  Prefilire  of  the  Air  on  the  Water  in* 
the  Veflel,  and  fill  the  whole  Cavity  of  the  Tube;  and  becaufe 
there  is  a  greater  Column  or  Body  of  Water  in  the  longeft  Leg,  it 
will  preponderate  and  defcend  through  it;  and  thus  keep  flowing 
out,  till  the  Veflel  is  exhaufted  to  the  Orifice  of  the  Ihorter  Leg. 

The  Elfedt  of  the  Common  Pump  is  from  the  fame 
Principle :  For  the  Bucket  or  Sucker,  railing  a  Column  Exp.  185. 
of  Water  above  it  in  the  Barrel,  makes  a  vacuous  Space, 
or  greatly  attenuates  the  Air  in  the  Barrel  and  Pipe  below  it ; 
whence  the  Water  mull  necelTarily  rife  in  the  Pipe,  by  the  fupe- 
rior  PrelTure  of  the  Air  on  the  Surface  of  that  in  the  Well.  The 
Water  afcending  in  the  Pipe,  palTes  through  the  Valve  in  the  Bot¬ 
tom  of  the  Barrel,  which  fliutting  upon  the  Depreflion  of  the 
Sucker,  the  Water  is  thereby  forced  through  the  Valve  of  the 
Sucker  into  the  Ciftern  of  the  Pump,  and  difcharged  through  the 
Spout.  All  which  is  clearly  fhewn  by  the  Model  of  a  Pump  in 
Glafs. 

III.  IV.  But  the  moll  confiderable  of  all  Water-Engines  is 
that  call’d  Newfoam\  Fire-Engine,  from  the  great  Improve- 
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ments  which  Mr.  Newpam  made  in  it ;  the  Nature  and  Effect  of 
wliich  will  be  eafily  underftood  from  a  perpendicular 

Fig.  XXL  Section  of  a  Model,  with  fome  Variation  which  I 

have  made  in  the  Structure  thereof.  The  Motion  of 

Exp.  1 86.  the  Water  in  this  Engine  is  eiledted  by  the  Prejfure  of 

the  Amiofphere.^  by  the  Force  of  PiJlojts..^  and  by^  the 
Sprmg  of  conde7fed  Air^  in  the  following  Manner,  viz.  When 
the  Pifton  R  is  raifed,  a  Vacmwi  would  be  made  in  the  Barrel 
T  V,  did  not  the  Water  follow  it  from  the  inferior  Canal  E  M 
(through  thq  Valve  H)  which  rifes  through  the  Glafs  Tube  EF 
immerfed  in  the  V/ater  of  a  Veffel  by  the  PrelTure  of  the  Atmo^ 
fphere  on  the  Surface  thereof.  The  Water  of  the  Barrel  TV,  by 
the  Depreffion  of  the  Pifton  R  is  forced  through  the  fuperior  Ca¬ 
nal  ON,  to  enter  by  the  Valve  I  into  the  Air-Velfel  abed;  and 
the  like  being  done  alternately  by  the  other  Barrel  W  X,  and  its 
Pifton  S,  the  Air- Veffel  is  by  this  means  continually  filling  with 
Water,  which  greatly  compreffes  the  Air  above  the  Surface  of  the 
Water  in  the  Veffel,  and  thereby  proportionably  augments  its 
Spring;  which  at  length  is  fo  far  increafed,  as  to  re-adf  with  great 
Force  on  the  Surface  Y  of  the  fubjacent  Water  ;  which  afeend- 
ing  through  the  fmall  Tube  efto  the  Stop-Cock  eg.,  is  there,  upon 
turning  the  Cock,  fuffered  to  pafs  through  a  Pipe  h,  fixed  to  a 
Ball  and  Socket,  from  the  Orifice  of  which  it  iffucs  with  a  great 
Velocity,  to  a  very  great  Height  or  Diftance,  in  a  fmall  continued 
Stream,  directed  every  way,  or  to  any  particular  Place,  by  means 
of  the  Ball  and  Socket. 

There  is  another  Sort  of  Fire-F^igine,  which  works 
Fig.  XXIL  by  Fire,  in  the  following  Manner.  ABC  is  a  Copper- 
Veffel,  partly  fill’d  with  Water  to  DE,  which  being 
Exp.  187.  fet  over  a  Fire,  and  made  to  boil,  will  fill  the  upper 
Part  D  B  E  with  a  vaftly  elaftic  Vapour,  the  fufficient 
Strength  whereof  is  known  by  its  forcing  open  a  fnifting  Valve 
at  e:  This  heated  elaftic  Steam  is,  by  turning  a  Cock  at  F,  let 
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into  the  Barrel  abed^  where  by  its  elaftic  Force  it  raifes  the  Piftou 
G,  which  drives  the  Air  above  it  through  a  proper  Clack  at  the 
Top.  After  this,  that  the  Pifton  may  by  its  W eight  defeend,  a 
little  cold  Water  from  the  Fountain  fghi^  is  let  in  at  the  Bottonr 
by  turning  a  Cock  at  which,  in  Form  of  a  Jet,  condenles  the 
hot  Steam  in  the  Barrel  into  13000  times  lefs  Space  than  before  it 
took  up,  which  makes  a  fufficient  V acum7t  for  the  Pifton  to  de¬ 
feend  in.  The  Pifton  G,  and  Lever  HI,  being  thus  put  into 
Motion,  do  accordingly  raife  and  deprefs  the  Pifton  K  in  the  Bar¬ 
rel  of  the  forcing  Pump  L  M  on  the  other  Side ;  which,  by  the 
Pipe  N,  draws  the  Water  from  the  Depth  W,  and  forces  it  to 
rife  and  fpout  through  the  Tube  O,  continued  to  any  Height  at 
pleafure.  This  Engine  is  ufed  to  draw  the  Water  from  Coal- 
Pits  and  other  Mines.  Beftdes  thefe,  there  are  various  other  Wa¬ 
ter-Engines  of  a  more  complex  Structure ;  but  as  they  all  adl  on 
the  fame  Principles  with  thele  two  deferibed,  ’tis  needlefs  to  fay 
any  thing  of  them  here. 

The  above-mention’d  prodigious  RarefaSiio?!  of  a 
fmall  Quantity  of  Water  will  be  made  very  fenjible  by  Exf  .  188. 
the  ^dipile^  whofe  Nature  and  Ufe  in  the  Production 
of  a  continual  and  7noJl  powerful  Blaji  of  Stea^n^  or  vapourous 
IVind^  is  a  PhcEnof?ie7to?i  equally  curious  and  furpriiing,  as  will 
appear  from  the  Experiment. 

V.  The  laft  Caufe  of  the  Motion  of  Fluids  which  I  mention’d 
was  that  of  AttraEiion.  We  have  already  feen  how  by  this  means 
any  Fluid  will  afeend  above  the  common  Surface  in  Capillary 
'Tubes^  &c.  I  fliall  only  take  notice  here,  that  the  Capillary  Sy¬ 
phon^  which,  by  the  foie  Power  of  Attra8lio?i^  will  exhauft  a 
Veflel  of  its  contain’d  Fluid,  is  a  Curiolity  which  few  have  feen, 
and  none  can  fufiiciently  admire. 

But  the  moft  notable  and  obvious  Motion  of  Fluids  arillng 
from  Attraction,  is  that  of  the  Tides  ;  the  Waters  of  the  immenfe 
Ocean,  forgetful,  as  it  were,  of  their  natural  iluietus^  inccfl'antly 
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move,  and  roll  in  fwelling  Tides  oblequious  to  the  fovereign 
Power  of  the  Moon,  and  weaker  Influence  of  the  Sun. 

To  illuftrate  this,  let  N  E  S  reprefent  the  Earth, 
covered  over  with  Water  A  B D F  ;  NS  the  Axis  of  the 
Earth,  E  the  Equator,  TR  the  Tropic  of  Cancer, 
tr  the  Tropic  of  Capricorn^  M  the  Moon  in  her  Orbit,  S  the 
Sun  in  his.  Now  flnce  all  Bodies  are  endued  with  an  attracting 
Virtue,  the  Moon  will  attraCt  all  the  Water  in  the  nearefl:  Hemi- 
fphere  FAB,  with  Degrees  of  Force  which  are  inverfely  as  the 
Squares  of  the  Diftanccs  from  all  Parts ;  and  therefore  with  the 
flrongeft  Force  where  the  Diftance  is  leaft,  viz.  in  the  Point  A 
direCtly  under  her ;  and  this  Attraction  being  in  this  Hemifphere 
contrary  to  that  of  the  Earth,  the  Water  in  all  Parts  from  B  and 
F  towards  A  will  have  their  Gravity  gradually  decreaflng,  and  be 
lighteft  of  all  at  the  Part  A ;  and  confequently  muft  there  ftand 
higher  than  at  the  Point  F,  where  they  are  more  attracted  by  the 
Earth,  and  fo  heavier,  as  is  evident  from  the  Laws  of  Hydro- 
Jlatics. 

Again  :  In  the- other  Hemifphere  FDB,  the  Attraction  of  the 
Mcon  confpires  with  that  of  the  Earth  ;  but  decreaflng  as  the 
Squares  of  the  Diftances  increafe,  the  joint  Force  of  Attraction 
will  every  wTere  decreafe  from  F  and  B  toward  D,  the  Point  op- 
poflte  to  the  Moon ;  where,  again,  the  Waters  will  be  lighteft, 
and  therefore  ftand  higheft  to  preferve  the  Rquilihrinm.  Whence 
it  appears,  that  by  this  Sum  and  Dift'erence  of  the  Moon’s  and 
Earth’s  Attraction,  there  will  neceffarily  enfue  a  Protuberance  or 
Swelling  of  the  Waters,  which  we  call  Tides  of  Floods  in  the  two 
Points  A  and  B  direCtly  under  the  Moon.  Alio  in  the  two  Points 
F  and  B,  as  the  Waters  are  there  moft  attracted,  fo  they  will  be 
heavieft,  and  confequently  rife  to  the  leaft  Height  from  the  Earth’s 
Surface,  whence  they  are  called  Tides  of  Ebb,  or  the  Ebbmg  of 
the  Water, 
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If  to  the  Power  of  the  Moon  we  add  that  of  the  Sun,  we  fhall 
have  the  Tides  coniiderably  augmented  at  the  ConjimBion  in  S,  or 
Oppofttion  in  H,  that  is,  at  the  New  Full  Maoris^  which  are 
call’d  the  Spring  Tides ;  as  thofe  which  happen  when  the  Sun  is  at 
O  or  P  are  call’d  Neap  Tides ^  the  Waters  at  A  and  D  being  then 
loweft,  becaufe  the  Attraction  of  the  Moon  is  then  in  fome  mea- 
fure  counter-aCled  by  that  of  the  Sun.  The  Power  of  the  Moon 
to  difturb  the  Waters  is  to  that  of  the  Sun  as  51  to  to  very  near¬ 
ly  :  whence  the  Power  producing  the  Spring  Tides  is  that  which 
caufes  the  Neap  Ttdes^  as  the  Sum  of  thofe  Numbers  to  their  Dif¬ 
ference^  or  as  61  to  41,  that  is,  as  3  to  2. 

If  the  New  or  Full  Moon  happen  in  the  FquinoElial^  the  Tides 
will  be  the  greatef  pofftble ;  becaufe  there  the  Gravity  of  the  Wa¬ 
ters  is  more  than  at  any  other  Place  diminifh’d  by  the  cetitrifugal 
Force  of  the  diurnal  Rotation  :  Confequently,  all  the  Caufes  there 
confpire  to  render  the  Waters  lighter^  or  raife  the7n  highefl  in 
Tides ;  efpecially  if  the  Moon  be  the7t  77earef  the  Earthy  and  the 
Earth  nearefl  the  Sun^  as  in  Dece77iber  it  is. 

It  is  farther  to  be  obferved.  That  of  the  two  Tides  of  Flood  at 
A  and  D,  that  at  A  is  greateft  to  any  Place  T  in  Northerti  Lati¬ 
tude^  when  the  Moon  is  in  Northerti  Signs^  and  above  the  Hori¬ 
zon’;  for  the  Point  A  is  then  nearer  the  Zetiith  of  the  Place  G, 
than  the  oppofite  Point  D  is  to  the  fame  Place  at  R  twelve  Hours 
afterwards;  and  confequently,  the  Height  of  the  Tide  T G  is 
greater  than  that  of  the  oppofite  Tide  R^.  The  contrary  hap¬ 
pens  when  the  Moon  is  in  Southern  Signs. 

That  there  are  two  Tides  of  Floods  and  two  of  Ebb^  fucceed- 
ing  each  other  alternately  at  the  Interval  of  fix  Hours.,  is  obvious 
from  the  Figure.  That  they  happen  later  each  Day  near  an 
Hour.,  is  owing  to  their  exaCl  Correfpondence  to  the  Motion  of 
the  Moon,  which  daily  culminates  fo  much  later.  That  they  hap¬ 
pen  not  when  the  Moon  is  in  the  Meridia7!,  but  about  three  Hours 
after,  is  owing  to  the  Force  of  the  Moon  being  then  greater  than 

when 
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when  in  the  Meridian  of  any  Place ;  as  the  Heat  of  the  Day  is 
greater  at  Three  o’clock  than  at  Twelve;  and  the  Heat  of  the 
Summer  is  greater  in  Augufl^  than  at  the  i  oth  of  June.  Laftly, 
that  the  greateji  Sp7nng  Tides  happen  not  dt  the  \oth  of  March, 
and  12th  of  September,  but  m  February  and  Odlober,  is  becaufe 
the  Sun  being  neareft  the  Earth  in  Decembery  his  Influence  is  then 
ftrongeft,  and  fo  muft  quicken  the  Time  ot  the  greateft  V ernal 
Tides  \  and  being  weakefl  in  June^  the  Time  of  the  Autumnal 
Tides  will  neceflarily  be  retarded. 

Such  are  the  Phce77omena  of  the  Tides y  according  to  a  general 
Theory,  and  are  found  to  be  verified  in  thofe  Parts  of  the  Earth’s 
Surface  which  arc  wholly  -cover  d  with  TVatery  as  the  Theory  re- 
,quires ;  I  mean,  the  vaft  Atla7itic  a77d  W ^fier77  Oceans. 


LECTURE  VI, 


PNEUMATICS. 


That  Part  of  Natural  Philo fophy  which  treats  of  the 
Naturey  PropertieSy  and  EffeBs  of  the  AT^^osPHERE, 
or  Body  of  Air  encompafling  the  Earthy  is  call’d 
PNEUMATICS,  from  the  Greek  Word  for  Wind  or  Breath. 

The  Air  is  generally  efteemed  a  Eluidy  but  yet  differs  from  | 
the  general  Nature  of  Fluids  in  two  Particulars,  viz.  (i.)  In  that 
it  is  co7npreffibley  which  Property  no  other  Fluid  has;  and  (2.)  It  j 
Q-tiWwoX.  co77gear dy  or  any  how  as  all  other  Fluids  may.  j 

It  muft  therefore  be  efteem’d  a  Fluid  fui  ge7terisy  if  it  can  with  j 
Propriety  be  call’d  a  Fluid  at  all.  '  j 
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That  the  Air  was  created  at  firft  with  the  Earth  itfelf,  is  not 
to  be  doubted ;  and  that  ever  fince  there  has  been  a  conjlant  Ge¬ 
neration  of  Particles  of  Air  by  the  mutual  Action  of  Bodies  upon 
each  other,  as  in  Fermentations^  and  all  Kinds  of  iiatural  and 
artificial  Chemifiry^  Sir  Ifaac  Newton  thinks  very  reafonable  to 
fuppofe ;  and  Mr.  Boyle  has  given  numerous  Experiments  relating 
to  the  Produdlion  of  artificial  or  faSlitious  Air. 

That  the  Air  is  a  heavy  or  ponderous  Bodfiy  mufl  follow  from 
the  Nature  of  the  Matter  of  which  it  doth  confift ;  and  lince 
th®fe  Particles  arife  from  Bodies  of  every  Kind  in  or  upcn  the 
Earth,  ’tis  evident  the  conftituent  Parts  of  Air  are  of  a  moft  he¬ 
terogeneous  NaturCy  and  infinitely  various  in  their  fpecific  Gravi¬ 
ties;  Whence  alfo  it  will  follow,  that  as  the  Matter 
which  compofes  the  Body  of  Air,  or  Atmoiphere,  is  E^p.  189. 
always  variable y  fo  will  its  Weight  or  Gravity  be  like- 
wife;  as  we  conftantly  experience  by  the  Barometer,  of  various 
Kinds  and  Strudture. 

Since  the  Particles  of  A-ir  are  fuch  as  being  feparated  from  Bo¬ 
dies  beyond  the  Sphere  of  corpufcular  Attraction,  are  ftrongly  re- 
peird  from  thofe  Bodies ;  which  Repellency  being  mutual  between 
the  Particles,  they  do  by  this  means  conftantly  repel  each  other, 
and  therefore  they  muft  obferve  a  mutual  Diftance  equal  to  die 
Diameter  of  the  Sphere  of  this  their  repulfive  Power :  If  there¬ 
fore  thofe  aerial  Particles  ftiould  be  obliged  by  any  imprefi’d 
Force  to  approach  nearer  to  each  other  than  the  faid  Diftance, 
the  repulfive  Power  will  re-act  or  refift  the  faid  Force 
with  an  equal  Mome7ttum\  and  thus  caufe  what  we  call  Ey:p,  190. 
the  Renite'ncy,  Elasticity,  or  Spring  of  the  Air; 
which  is  fo  fenfible  by  the  common  Experiment  of  a  blown  Blad¬ 
dery  and  many  others  on  the  Air-Pump. 

By  reafon  of  the  Sprmg  of  the  Airy  its  Density  muft  be  al¬ 
ways  different  in  different  Altitudes  from  the  Earth’s  Surface ;  for 
the  lower  Parts  of  the  Air,  being  preffed  by  the  Weight  of  the 
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fuperior  Parts,  will  be  made  to  accede  nearer  to  each  other,  and 
the  more  fo  as  the  Weight  of  the  incumbent  Air  is  greater; 
and  hence  we  fee  the  Denfay  of  the  Air  is  greateft  at  the 
Earth’s  Surface ;  and  decreafes  upwards  in  geometrical  Pro¬ 
portion  to  the  Altitudes  taken  in  arithmetical  Progrejfton, 
Now  it  is  found  that  the  Air  is  four  Times  more  rare  at  the 
Height  of  feven  Miles  than  at  the  Earth’s  Surface  ;  and 
therefore  at  the  Altitudes  of  7.  14.  21.  28.  35.  42.  49. 

the  Rarity  of  the  Air  will  be  4.  16.  64.  2  56.  1204.  4096.  16384. 

If  the  Air  were  of  an  equal  Denlity  throughout,, 
Exp.  19 1.  the  Height  of  the  Atmofphere  might  be  determined; 

for  by  Experiment  we  find  the  Length  of  a  Column  of 
Air  72  Feet  high  is  equal  in  Weight  to  one  Inch  of  Water  of  the 
fame  Bafe:  Hence  the  Denfity  of  Air  is  to  that  of  Water  as  i  to 
864.  It  is  alfo  found  by  Experiment,  that  the  Weight  of  a  Co¬ 
lumn  of  Air  the  Height  of  the  Atmofphere  will  be  equal  to  the 
Weight  of  a  Column  of  Water  of  the  fame  Bafe,  and  32  Feet, 
or  384  Inches  high:  Wherefore  864  multiplied  by  384  will  pro¬ 
duce  331776  Inches,  or  a  little  above  5  Miles,  for  the  Height 
of  the  Atmofphere,  were  the  Denfity  every  where  the  fame  as  at 
the  Earths 

But  fince  the  Denfity  of  the  Air  decreafes  with  the  Preflure,. 
it  will  be  more  rarefied  and  expanded  the  higher  we  go ;  and  by 
this  means  the  Altitude  of  the  Atmofphere  becomes  indefinite, 
and  terminates  in  pure  j^ther.  But  though  we  cannot  afiign  the 
real  Altitude  of  the  Atmofphere,  it  is  certain  from  Ob- 
Exp.  192.  fervation  and  Experiment,  that  45  or  50  Miles  is  the 
utmofl:  Height  where  the  Denjity  is  fuficieitt  to  re- 
fraEi  a  Ray  of  Right  \  and  therefore  that  may  be  efteem’d  the 
Altitude  of  the  Air  to  the  leaft  fenfible  Degree  of  Denfity. 

Since  the  Gravity  of  the  Air  is  fo  various,  that  at 
Exp.i^^.  one  time  it  will  fuftain  a  Pillar  of  Mercury  31  Inches 
high,  when  at  another  it  will  raife  it  but  to  the  Height 
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of  2  8  Inches,  in  the  Barometer ;  it  follows,  that  we  may  take 
29  f  Inches  of  Mercury  for  the  mean  Altitude^  and  confequently 
its  Weight  for  the  mean  JV dght  of  a  Pillar  of  Air  of  the  fame 
Bafe.  But  a  Column  of  Mercury  whofe  Bafe  is  one  Square  Inch^ 
and  Altitude  29-,  weighs  about  which  is  equal 

to  the  Preffure  of  Air  on  every  Square  Inch ;  and  there-  194. 
fore  upon  every  Square  Foot  it  will  be  2^20  lb.  \  and 
allowing  14-^  Square  Feet  for  the  Surface  of  the  Body  of  a  middle- 
hzed  Man,  it  muft  fuftain  a  Preflure  of  36540  Pounds,  or 
i6-;|  Tons,  when  the  Air  is  at  a  mean  Gravity.  This  prodigious 
Force  would  crulh  us  within  the  Compafs  of  a  Pepper-Corn,  were 
it  not  that  it  is  equal  on  every  Part,  and  counter-balanced  by  the 
equal  Re-ad:ion  of  the  Spring  of  the  Air  within  us. 

The  Weight  of  the  Air  is  proved  by  a  great  Variety  of  curious 
Experiments,  the  principal  of  which  here  follow. 

(i.)  By  actually  weighing  it  in  a  7tice  Balance  \  where  E^ip.  195* 
we  lhall  fee  that  one  Gallon  of  Air  will  weigh  a  Dram 
very  nearly.  (2.)  By  filling  a  Glafs  Tube  with  Mer-  '  196. 
cury,  and  inverting  it  in  a  Bafon  of  the  fame  Fluid, 
where  it  will  appear  that  a  Column  will  be  fupported  in  the  Tube 
by  the  foie  Weight  or  Preflure  of  the  Air,  to  upwards 
the  Height  of  28  Inches.  (3.)  By  taking  the  Air  off  Exp.i^y. 
from  the  Surface  of  the  Quickfilver  in  the  Gage  of  the 
Air-Pump,  which  then  immediately  rifes  by  the  Pref¬ 
fure  of  the  external  Air.  (4.)  By  exhaufting  a  Re-  198. 
ceiver  placed  over  the  Hole  of  the  Brafs  Plate  on  the 
Pump,  which  will  then  be  kept  fall:  on  by  the  Prefllire 
of  the  incumbent  Air.  Or,  (5.)  More  demonftratively  199* 
by  exhaufting  a  fmall  Receiver  under  one  larger,  and 
letting  in  the  Air  at  once  upon  it ;  which  will  then  be  faften’d 
to  the  Plate,  as  before,  though  not  placed  over  the 
Hole.  (6.)  By  placing  the  Hand  on  the  open  Re-  Exp.  200. 
ceiver,  and  exhaufting,  the  Weight  of  the  Air  on  the 
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Hand  will  be  extremely  fenlible.  (7.)  By  placing,  a 
plain  Piece  of  Glafs  on  the  faid  open  Receiver,  which, 
when  the  Air  is  a  little  exhaufted,  will  be  broke  into  Pieces  by 
the  Weight  of  the  Air.  (8.)  A  Bladder  tied  over  the 
fame  Glds  will  be  broke  in  the  fame  manner.  (9.)  The 
Air  exhaufted  from  a  thin  Bottle  under  a  Receiver,  and 
then  fuddenly  let  in,  will,  by  its  Weight,  inftantly  re¬ 
duce  it  to  very  fmall  Pieces.  (10.)  A  Bottle  broke  by 
205.  the  fame  means  another  way.  (i  i.)  By  putting  a  Piece 
of  Wood  under  Quickftlver  in  the  Receiver,  and  then 
exhaufting  the  Air,  and  letting  it  in  again,  it  will  by  its  Weight 
force  the  Quicklilver  into  the  Pores  of  the  Wood,  and 
very  fenftbly  increafe  its  Weight.  (12.)  The  exhaufted 
Brafs  Hemispheres  prove  not  only  the  prodigious  Weight 
of  the  Air,  but  alio  the  Quantity  thereof  very  exadlly. 
(13.)  By  exhaufting  Glafs  Bubbles  fwimming  in  Water, 
and  letting  the  Air  in  again,  it  will  force  the  Water 
into  the  Bubbles,  and  make  them  fink.  (14O  The  Sy¬ 
ringe  with  its  Weight  defcending  in  Vacuo and  afcend- 
ing  again  upon  the  Admiflion  of  Air,  does  very  prettily  prove 
the  Prejfure  of  the  Air.^  and  the  Rationale  of  Syringes  in  ge¬ 
neral. 

That  Water  rifes  in  Pumps ^  Syphon s^.^  and  all  Kinds  of  Water- 
Engines^  by  the  Prefftire  of  the  Air  only,  is  made  evi- 
Exp.  209.  dent  by  taking  off  the  laid  Prefture  (in  the  exliaufted 
Receiver)  from  a  Bafon  of  Mercury,  which  then  will 
not  rife  in  the  Pipe  of  the  Syringe  on  drawing  up  the  Pifton,  as  it 
will  in  the  open  Air. 

The  Spring  of  the  Air  is  demonftrable  by  various 
Experiments:  As,  (i.)  By  the  great  Expanfion  of  a 
fmall  Quantity  of  Air  in  an  emptied  Bladder,  when 
the  Air  is  taken  off  from  the  external  Parts  in  the  Re¬ 
ceiver.  (2.)  By  the  Extrufion  of  a  Fluid  out  of  a  Glafs 
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Bubble,  by  the  Expanfion  of  the  Bubble  of  Air  contain’d  there¬ 
in.  (3.)  By  the  Expullion  of  the  White  and  Yolk  of  2iz 
an  Egg  through  a  fmall  Hole  in  the  little  End,  by  the 
Expanfion  of  the  Air  contained  in  the  great  End ;  and 
alfo,  (4.)  By  railing  up  the  Skin  of  the  Egg  (after  the  213. 
Yolk  is  taken  away,  and  one  half  of  the  Shell)  by  the 
Expanfion  of  the  faid  included  Bubble  of  Air,  fo  as 
almofl  to  fill  the  Half-Shell.^  Glafs  Bubbles  and  214, 

Images  fill’d  with  Water,  fo"  as  to  make  them  juft  fink 
in  Water,  will,  upon  exhaufting  the  Air  from  the  Sur- 
fe.ce,  rife  to  the  Top  of  the  VeffeL  (6.)  Alfo  a  Blad-  215- 

der  fill’d  with  Air,  and  juft  made  to  fink  with  a  Weight, 
will,  upon  Exhauftion,  foon.  rife  by  the  Expanfion  of 
the  contain’d  Air.  (7.)  The  Spring  of  the  Air  will  216, 
fhew  itfelf  alfo  by  railing  heavy  Weights  laid  on  a 
Bladder,  half  fill’d  with  Air,  in  a  proper  Veflel  under 
•the  Receiver.  (8.)  Beer,  Cyder,,  Water,  and  porous 
Bodies,  do  emit  great  Quantities  of  Air  under  the  ex- 
haufted  Receiver.  (9.)  Fifties  are  made  fo  - light  or  21S. 
buoyant  by  increafing  the  Spring  of  the  Air  in  their 
Bladders,  upon  Exhauftion,  that  they  rile  to  the  Top 
of  the  Water,  and  cannot  again  defcend  to  the  Bot¬ 
tom.  (10.)  Shrivel’d  Apples  are  made  to  look  fair  and  219. 
fmooth  by  the  Spring  of  the  contain’d  Air  filling  out 
the  Wrinkles,  (ii.)  The  Spring  of  the  Air  in  a  fquare  220. 
Bottle,  cemented  clofe,  will  immediately  burft  it  in 
pieces,  upon  exhaufting  the  incumbent  Air.  (12.)  But  221.. 
that  curious  Experiment  which  Ihews  the  Force  of  the 
•Spring  of  the  Air  to  be  equal  to  its  Weight  or  Prefl'ure,  is  by 
-railing  the  Mercury,  by  the  .Expanfion  of  a  finall  Quantity  of 
confined  Air,  to  the  fame  Height  in  an  exhaufted  Tube  above  the 
Pump,  as  that  which  it  is  raifed  to  in  the  Mercurial  Gage  by  the 
PrelTure  of  the  Atmofphere  below  it. 
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The  great  Adion  of  animal  Life,  viz.  Breathings  by  Infpi- 
ration  and  Expiration  of  Air,  is  owing  to  the  Prejjure 
Exp.  222,  and  Spring  of  the  Air  conjointly,  as  is  evident  by  the 
ContraEiion  and  Expanfion  of  a  Bladder  in  a  Bottle, 
under  the  exhaujled  Receiver, 

Hence  the  Neceffity  of  Air  for  Refpiration  and  ani¬ 
mal  Life  in  moft  Sorts  of  Creatures,  which  die  very 
foon  in  the  exhaujled  Receiver  :  Though  fome  Animals 
will  not  be  kill’d  in  this' manner;  as  FlieSs  Frogs^ 
Toadss  fome  fort  of  FiJheSs  See, 

That  Air  palling  through  the  Fire,  and  heated  Brafs 
Tube,  is  unfit  for  animal  Refpiration,  is  fhewn  by  the 
fudden  Death  of  any  Animal  put  into  a  Receiver  fill’d 
therewith.  Alfo  Candles  and  living  Coals,  put  into 
this  aduft  Air,  immediately  go  out.  Hence  the  noxious 
and  peftilential  Qualities  of  Damps  and  fuffocating  Ex- 
halationSs  fo  frequent  and  fatally  experienced  in  Mines,  and  other 
fubterranean  Places.  -  - 

That  Air  in  its  natural  State  is  neceflary  for  Fire 
Exp.  228.  and  Flames  is  obvious  from  the  fudden  ExtinElion  of  a 
Candle s  a  live  Coals  Sec.  in  the  exhaufed  Receiver, 
229.  Alfo  Gunpowder  fired  therein  will  not  take  Flame,  or 
be  explofvCs  but  melt  and  die  away. 

That  the  different  Velocities  with  which’ heavy  and  light  Bo¬ 
dies  defeend  in  the  Air,  is  owing  to  the  Air’s  Refiftance 
Exp.  230.  only,  is  manifeft  from  the  equal  Velocity  or  Swiftnefs 
with  which  all  Bodies  defeend  in  the  exhaujled  Receivers 
as  is  fhewn  in  the  Example  of  a  Guinea  and  a  Feather, 

Air  is  likewife  neceffary  for  the  Exiftence  and  Pro- 
Exp.  231.  pagation  of  Sounds;  for  a  Bell  placed  under  the  Re¬ 
ceiver,  and  rung,  will  not  be  heard  when  the  Air  is 
drawn  out ;  but  in  condenfed  Air,  the  Sound  will  be 
augmented  in  proportion  to  the  Condenfation. 


232, 


That 


Pneumatics.  5'5’ 

That  Fennentationy  PutrefaBiony  6cc.  depend  on 
the  Air,  and  are  promoted  by  it,  is  fhewn  by  preferving  Exp.  233. 
Fruit  in  their  natural  Bloom  and  Perfedlion  through 
the  Winter  in  an  exhaujled  Glafs. 

The  Ufe  of  the  Diving-Bell  depends  on  the  Pref-  .  234.  ' 
Jure  and  Spring  of  the  Air :  For  fince  the  Space  which 
Air  takes  up  is  reciprocally  as  the  Power  comprefllng  it,  ’tis  evi¬ 
dent  that  at  the  Depth  of  33  Feet  of  Water,  where  die  Preffure 
of  the  Atmolphere  is  doubled,  the  Bell  will  be  half  fill’d  with 
Water;  at  the  Depth  of  66  Feet  it  will  be  two  Thirds  fill’d;  at 
I  the  Depth  of  99  Feet  it  will  be  three  Fourths  fill’d ;  and  fo  on. 
Whence  appears  the  Neceffity  of  having  the  VefTel  in  the  Form 
of  a  Belly  that  the  perpendicular  Height  of  the  Water  may  be  as 
I  little  as  poflible.  Hence  alfo  we  fee  how  neceflary  it  is  to  have  a 
very  gentle  Defcent  of  the  Bell,  that  the  Divers  may  have  Time 
to  admit  the  Air,  fo  greatly  condenfed,  by  proper  Degrees,  left 
it  fliould  burft  the  fine  VelTels  of  their  Bodies,  and  kill  them : 
Together  with  feveral  other  Particulars  relating  to  the  Nature  and 
Manner  of  ufing  diis  Machine,  which  will  be  fully  explain’d  by 
Experiment. 

The  Weighty  or  Spring  of  the  Air,  or  both,  are 
moft  evidently  concern’d  in  that  Chirurgical  Operation  Exp.  235. 
we  call  Cupping ;  for  when  a  F acuum  is  made  by  a  Sy¬ 
ringe  in  the  Cupping-Glafs  applied  to  any  Part,  the  Spring  of 
the  Air  in  the  Flefh  under  the  Glafs  does  ftrongly  adi,  and  by  that 
means  caufes  the  Flefh  to  diftend  and  fwell  into  the  Glafs,  while 
the  Prefiiire  of  the  Air  on  the  Parts  without  the  Glafs  accelerates 
the  Motion  of  the  Blood  and  Fluids,  towards  the  Part  where  it  is 
diminifh’d  or  taken  off  by  the  Glafs. 

Since  we  know  that  Heat  augments  the  repellent 
Power  in  the  Particles  of  a  Fluid,  and  by  that  means  Exp.  236. 
increafes  its  Elafticity,  and  thereby  caufes  it  to  expand 
itfelf  into  a  larger  Space ;  and  that  Cold  has  a  quite  contrary  Ef- 
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fed:;  we  leam  the  Ufe  of  the  Thermometer  in  indicating  the 
various  Degrees  of  Heat  and  Cold  in  the  Air^  by  the  different 
Altitudes  of  the  Spirit  of  Wine  in  that  Inftrument. 

The  Moijlure  and  D?jnefs  of  the  Air  are  fhewn 
Exp.  237.  by  the  Hygrometer,  which  is  made  feveral  ways,  but 
that  with  a  Cord  is  moft  common  and  ufeful ;  for  that 
by  fhrinking  with  Moifture  will  turn  an  Index  one  way,  and  ex¬ 
tending  with  Drynefs  will  turn  it  the  contrary  way,  over  the  gra¬ 
duated  Limb  of  a  Circle. 

I  SHALL  finifh  this  Ledure  with  giving  you  an  Account  of  the 
Strudure  and  Ufe  of  the  common  Air-Pump,  and  of  one  of  a 
new  hiventioit  of  my  own.  The  common  or  large  Air-Pump  is 
reprefented  in  Fig.  XXIV.  where  aa.^  ^  are  the  two  Brals  Bar¬ 
rels,  in  which  the  Piftons  c  c,  c,  move  by  Chains  faften’d  to  each 
of  them,  and  to  a  Wheel  moving  on  the  Axle  y',  when  the  En¬ 
gine  is  put  into  Motion  by  the  Winch  hb.  gg,  gg,  are  two  Pil¬ 
lars  or  Pieces  of  Wood  fupporting  the  Frame  of  the  Pump- Wheel, 
which  is  fcrew’d  upon  them  by  Nuts  under  the  little  Pieces  of 
Wood  e,  ee.  The  Tube  or  Pipe  mark’d  is  call’d  the  Swart- 
Neck.^  made  of  Brafs :  By  this  the  Air  paffes  from  under  the  Re¬ 
ceiver  0  0^  through  a  fmall  Hole  i  in  the  Middle  of  the  Brafs  Plate 
iii  on  the  Top  of  the  Pump,  to  a  Brafs  Piece  in  the  Boxdd^ 
which  being  perforated  length-ways  to  the  Middle  Point  under 
each  Barrel,  does  there,  through  a  fmall  Hole,  by  a  Bladder- 
Valve,  ^tranfmit  the  Air  from  the  Receiver  into  each  Barrel  to  be 
pump’d  out  by  palling  through  the  Hole  in  the  defcending  Pifton. 
Thefe  Holes  in  the  Piftons  and  Bottoms  of  the  Barrels  are  cover’d 
with  Valves,  to  prevent  the  Return  of  the  Air  into  the  Receiver, 
III  is  the  Mercurial  Gage,  or  common  Barometer,  immerfed  in 
a  Bafon  of  Mercury  m  m  fix’d  in  the  Bottom  of  the  Frame,  and 
at  top  communicates  with  the  Receiver,  which  therefore  Ihews 
how  much  the  Receiver  is  exhaufted  by  the  Riling  of  the  Mer- 
•  cury  in  the  Tube,  by  a  graduated  Scale  affixed  thereto.  The 
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Stop-cock  n alfo,  communicates  with  the  Receiver,  and  con- 
fequcntly  with  the  Swan-Neck  and  Mercurial  Tube:  Its  Ufe  is, 
by  turning  the  Cock,  to  re-admit  the  Air,  when  there  is  Occa- 
fion.  The  Receiver  is  ground  true  on  the  Bottom,  and  is  fix’d 
on  the  Pump  at  firft  by  means  of  wetted  Leathers,  to  exclude  the 
Air,  inftead  of  Cement  formerly  ufed  for  that  purpofe. 

But  with  how  much  more  Conveniency,  and  lefs  Expence, 
Pncumatical  Experiments  of  all  Kinds  may  be  perform’d,  by  a 
new^  elegant^  and  portable  Air-Pumpy  which  I  have  lately  con¬ 
trived  and  made,  will  be  eafy  to  apprehend  from  a  bare 
View  of  the  Figure  thereof:  In  which  AB  is  the  Head  Fig.XKW 
or  Part  containing  the  Wheel,  which  alternately  raifes 
and  depreffes  the  Piftons  C  D  in  the  Barrels  EF,  which  are  ftrong- 
ly  prefs’d  down  by  the  faid  Part  A  B,  fupported  on  the  two  Pil¬ 
lars  G  H,  fix’d  into  the  Bed  or  Bottom  of  the  Machine  IKL.  On 
this  Bottom  Bands  the  Receiver  MN  on  a  large  fmooth  Brafs 
Plate,  in  the  Middle  whereof  is  a  Hole,  by  which  the  Air  paffes 
I  out  of  the  Receiver  into  a  fmall  Tube  on  the  under  Part  of ‘the 
i  Frame,  and  goes  to  the  Piece  O,  which  communicates  with  the 
I  perforated  Brafs  Piece  on  which  the  Barrels  Band,  and  from  which 
they  receive  the  Air  to  be  exhauBed.  On  the  middle  Part  of  this 
Brafs  Piece  is  a  Perforation,  over  which  is  placed  a  fmalf  Receiver 
PQ^  and  under  it  a  Bafon  of  Mercury  R,  in  which  a  fmall  Tube 
R  S  (hermetically  fealed  at  one  End,  and  fill’d  with  Quickfilver) 
is  inverted;  and  therefore  as  the  fmall  Receiver  PQ^is  exhauBed, 
(at  the  fame  time  with  the  large  one  M  N)  the  Approach  of  the 
acuum  will  be  fhewn  by  the  Def cent  of  tie  ^uickfher  in  the 
Tube  R  S.  By  the  Stop-cock  T  the  Air  is  again  let  into  the  Re¬ 
ceiver. 

Note,  This  Ai^'-Pumpy  with  a  Receiver  large  enough  for  any 
Ufe,  may  be  together  included  in  a  Box  12  Inches  wide,  14  high, 
and  14  in  Length;  which  cannot  be  faid  of  any  other  Form  yet 
invented.  Nor  can  I  at  prefent  fee  or  think  of  any  firther  Im- 
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provement  this  Engine  is  capable  of ;  unlefs  it  be,  that  in  this 
Form  a  Pump  might  eafily  be  made  to  exhauft  6,  8,  or  lo  Re¬ 
ceivers  at  once ;  which  Hint  may  be  well  worth  the  Notice  of 
Gentlemen  of  Spirit,  Tafte,,  and  Fortune. 


LECTURE  VII. 

The  DoBrme  of  WINDS  and  SOUNDS. 

IN  this  Le(S:ure  I  fhall  confider  the  Nature  of  Wind  and  Sound 
in  general;  and  of  the  Vibrations  of  Muftcal  Strmgs  and 
Sonorous  Bodies^  with  regard  to  the  Science  of  MUSIC. 
WIND  is  a  Stream  or  Current  of  Air:  As  the  Air  is  a 
Fluid,  its  natural  State  is  that  of  Reft^  which  it  endeavours  al¬ 
ways  to  keep  or  retrieve  by  an  univerfal  Equilibrium 
Exp.  238.  of  all  its  Parts.  When,  therefore,  this  natural  Equi¬ 
librium  of  the  Atmofphere  happens  by  any  means  to 
be  deftroy’d  in  any  Part,  there  neceflarily  follows  a  Motion  of  all 
the  circumjacent  Air  towards  that  Part,  to  reftore  it ;  and  this 
Motion  of  the  Air  is  all  we  call  Wind. 

He  NCE,  with  refpedt  to  that  Place  where  the  Equilibrium  of 
the  Air  is  difturb’d,  we  fee  the  Wind  may  blow  from  every  Point 
of  the  Compafs  at  the  fame  time ;  and  thofe  who  live  North¬ 
wards  of  that  Point  have  a  North  Wind\  thofe  who  live  South- 
wards.^  a  South  Wind\  and  fo  of  the  reft:  But  thofe  who  live  on 
the  Spot,  where  all  thefe  Winds  meet  and  interfere,  are  opprefs’d 
with  turbulent  and  boifterous  Weather,  Whirlwinds  and  Hurri¬ 
canes  ;  with  Rain^  Tempejls^  Lightning.^  Thunder See..  For  ful- 
phureous  Exhalations  from  the  Souths  Torrents  of  Nitre  from 
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the  Norths  and  aqueous  V apours  from  every  Part,  are  there  con- 
fufedly  huddled  and  violently  blended  together ;  and  rarely  fail 
to  produce  the  Phceno7nena  abovemention’d. 

As  the  Motion  of  the  Air  has  a  greater  or  lefler  Ve¬ 
locity,  the  Wind  is  Jlronge?^  or  weaker ;  and  it  is  found  Exp.  239. 
from  Obfervation,  that  the  Velocity  of  the  Wind  is  va¬ 
rious,  from  the  rate  of  i  to  50  or  60  Miles  per  Hour. 

Many  are  the  particular  Caufes  which  produce  Wind  by  inter¬ 
rupting  the  Equipoife  of  the  Atmofp here ;  but  the  moft  general 
Caufes  are  two,  viz,  Heaty  which,  by  rarefying  the  Air,  makes 
it  lighter  in  fome  Places  than  it  is  in  others ;  and  Coif  which,  by 
condenfeng  it,  makes  it  heavier.  Hence  it  is,  that  in  all  Parts  over 
the  P'orrid  Zone^  the  Air  being  more  rarefied  by  a  greater  Quan¬ 
tity  of  the  Solar  Rays,  is  much  lighter  than  in  the  other  Parts  of 
the  Atmofphere,  and  moft  of  all  over  the  Equatorial  Parts  of  the 
Earth.  And  fince  the  Parts  at  the  Equator  are  moft  rarefied  which 
are  near  the  Sun  ;  and  thofe  Parts  are,  by  the  Earth’s  diurnal  Ro¬ 
tation  Eaflwardy  continually  fliifting  to  the  TV it  follows,  that 
the  Parts  of  the  Air  which  lie  on  the  Wejl  Side  of  the  Pomt  of 
greatejl  Rarefa8lio77y  and,  by  flowing  towards  it,  meet  it,  have  lefs 
Motion  than  thofe  Parts  on  the  Kaf  of  the  faid  Point,  which  fol¬ 
low  it ;  and  therefore  the  Motion  of  the  Rafern  Air  would  pre¬ 
vail  againft  that  of  the  TV efier7t  Air^  and  fo  generate  a  co72ti7iual 
Eaf  TVi77dy  if  this  were  all  the  Efiecft  of  that  RarefaSlion.  But 
we  are  to  confider,  that  as  all  the  Parts  of  the  Atmofphere  are 
fo  greatly  rarefied  over  the  Equator,  and  all  about  the  Poles  great- , 
ly  condenfed  by  extreme  Cold,  this  heavier  Air  from  either  Pole 
is  conftantly  flowing  towards  the  Equator,  to  reftore  the  Balance 
deftroy’d  by  the  Rarefa8lio7i  and  Levity  of  the  Air  over  thofe  Re¬ 
gions  :  Hence,  in  this  refped:  alone,  a  conftant  North  and  South 
TVind  would  be  generated. 

Now-it  is  eafy  to  underftand,  that  by  a  Compofition  of  thefe 
two  Diredions  of  the  Air  from  the  Raft  and  Norths  a  co7ifa?it 

I  2  North- 
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North-Eajl  Wind  will  be  generated  in  the  Norther7i  Hemilphere,. 
and  a  conjlant  South-Eaji  Wmd  in  th^^Southern  Hemifphere,  to 
a  certain  Diftance  on  each  Side  the  Equator,  all  round  the  Earth. 
And  this  Cafe  we  find  to  be  verified  in  the  General  Trade  Winds^ 
which  conftantly  blow  from  the  North-Eafl  and  South-EaJl^  to 
about  30  Degrees  on  each  Side  the  Equator,  where  thofe  Parts, 
are  over  the  open  Ocean,  and  not  affe<fied  with  the  Refledion  of 
the  Sun-Bearns..  from  the  heated  Surface  of  the  Land ;  for  in  this 
Cafe  the  Wind  will  always  fet  in  upon  the  Land,  as  on  the  Coaft 
^  ^  of  Guineay  and  other  Parts  of  the  Torrid  Zonoy  we 
■  240.  .  ^Bich  alfo  may  be  fliewn  by  Experiment. 

Thus  much  may  fuffice  for  a  general  Account  of  the  Nature 
and  Origin  of  Winds  i  We  proceed  now  to  the  DoElri?ie  of 
Somids,  We  know  by  the  Experiment  of  the  Bell  in  the  exhaufted 
Receiver,  that  Sound  has  a  neceflary  Dependance  on  the  Air ;  and 
if  we  refled  on  the  Nature  of  the  Particles  of  a  fonorous  Body 
and  thofe  of  Air,  we  fhall  find  that  Sound  is  nothing  but  the 
Propagation  of  the  Tremors  and  Vibrations  of  the  former  imprefs’d 
on  the  latter,  to  the  Ty7npa?mm  or  Drum  of  the  Ear,  by  whofe 
Adion  they  are  communicated  to  the  Air  in  the  internal  Cavities 
of  the  Ear,  where  the  Auditory  Nerve  receives  the  Imprefiion, 
and  excites  the  Senfation  in  the  Co7n7non  Senfory  in  the  Brain.  . 

For  the  Parts  of  a  fonorous  Body,  being  put  into  Mo- 
Exp.  2^1.  tion  by  Percuflion,  do  vibrate  forwards  and  backwards 
through  very  fiiiall  Spaces,  by  their  elaftic  Quality.  In 
tliis  Adion,  they  afied  the  Particles  of  Air  contiguous  to  them,, 
and  compel  them  upon  the  firft  Impulfe  to  move  forwards  alfo ; 
and  thefe  propel  the  next,  and  fo  on,  to  a  very  confiderable  Di- 
fiance,  according  to  the  Intenfity  of  the  percuilive  Force.  By 
this  means  the  Particles  of  Air  are  comprefs’d  nearer  together, 
than  in  their  natural  State. 

But  when  the  Particles  of  the  fonorous  Body  make  the  fecond 
Part  of  the  Vibration,  by  returning  back  again,  the  Particles  of 

Air 
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Air  alfo,  by  their  repulfive  Power,  repel  each  other  towards  their 
proper  Places,  and  thus  again  expand  themfelves. 

Now  fince  Motion  once  generated  in  elajftic  Bodies  continues 
fome  time  before  it  can  be  deftroy’d  by  the  Rehftance  and  Counter- 
adlion  of  contiguous  Bodies,  it  follows,  that  the  Particles  of  the 
fonorous  Body,  and  confequently  thofe  of  the  adjacent  Air,  have, 
for  fome  time,  a  reciprocal  vibratory  Motion,  by  going  forwards 
and  backwards  through  very  fmall  Spaces  in  an  indefinitely  fmall 
Particle  of  Time;  which  Motion  gradually  decreafes,  till  it  be 
totally  deftroy’d.  This  may  in  a  good  meafure  be 
made  eafy  to  be  underftood  by  an  Experiment  of  a  Eap,  242. 
hrating  and  fpiral  Wire. 

From  the  Nature  of  a  Fluid,  whatever  Motion  is  generated  in 
any  one  Particle,  it  is  by  that  Particle  communicated  equally  to 
all  around  it,  as  from  a  Center;  confequently  the  Tremors  of  the 
founding  Body  will  be  propagated  all  around  from  the  Point  of 
Percuftion,  as  a  Center,  in  ^co7Kentric  hollow  Superficies  or  Shells 
of  Air^  which  are  not  improperly  call’d  ae?dal  Pulfes^  or  W aves 
of  Air :  Analogous  to  which  are  the  circular  Waves  generated  on 
the  Surface  of  Water  all  around  the  Point  where  any  Impreflion 
is  made,  in  any  Manner  or  Diredlion  whatfoever.  Thefe  Pulfes 
or  Waves  of  Air  are  alfecfted  with  the  following  Properties,  viz. 

I.  T^hey  are  propagated  all  arowjd^  m  a  fpherical  undulatory 
Manner  (as  I  faid  but  now ; )  and  that  not  only  from  the  tremu - 
lous  Body,  but  from  the  Holes  in  any  Obftacles  they  meet  with : 
Whence  it  comes  to  pafs,  that  07ie  a77d  the  fame  Sound  77iay  be 
heard  by  feveral  Perfons^  in  any  different  Situations  with  relpecft 
to  the  founding  Body,  if  not  at  too  great  a  Diftance. 

II.  The  De7tfty  of  thefe  aerial  Pulfes  decreafes.^  as  the  Squares 
of  the  Difances  fro7n  the  fou72eling  Body  mcreafe :  For  ftnee  the 
Force  or  Motion  in  each  Shell  is  the  fame,  it  muft  decreafe  as  the 
Number  of  Particles  increafes  in  each  Shell :  But  this  Number  of 
Particles  is  as  the  Superficies  of  the  Shell,  which  is  as  the  Squares 
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of  the  Diameter  or  Semidiameter  of  the  Sphere,  that  is,  as  the 
Diftance  from  the  founding  Body.  Hence  the  Diftindion  of 
Sounds  into  loud  and  low^  Jlro7ig  and  weaky  according 
Exp.  243.  as  we  are  nearer  to,  or  farther  from,  the  founding  Body. 

The  utmofl  Limits  of  audible  Soufids  are  about  180  or 
200  Miles. 

III.  All  the  Pulfes.,  whether  denfer  or  rarer.^  move  with  equal 
Velocities :  This  Sir  Ifaac  Newton  has  demonftrated  a  priori^  and 
alfo  that  this  Velocity  is  at  the  rate  of  1142  Feet  in  one  Second 

of  Time;  which  moft  exadly  agrees  with  the  repeated 
Exp.  244.  and  moft  accurate  Experiments  of  the  late  Reverend 
Mr.  Derhain.  The  Velocity  of  Sound  is  therefore  near 
thirteen  times  as  great  as  that  of  the  ftrongefh  Wind :  And  fince 
it  muft  necefiarily  increafe  with  the  Air’s  Elafticity,  it  will  be 
greateft  in  Summer  when  the  Air  is  moft  heated,  and  vice  verfa 
in  Winter :  Alfo,  as  the  Motion  of  the  Wind  confpires  with,  or 
is  contrary  to  that  of  Sound,  the  Velocity  of  Sound  will  be  in 
fome  fmall  Degree  augmented  or  diminiilied  thereby,  though  not 
difcernible  in  Experiments. 

IV.  Idhe  hiterval  or  Diji  ance  of  the  Pulfes  fro7?i  each  other  is 
the  fame  a??iong  all  that  are  excited  by  the  fame  Stroke :  For  fince 
each  Pulfe  is  can  fed  by  a  fingle  Vibration  of  the  founding  Body, 
and  fince  they  all  move  with  equal  and  uniform  Velocities,  ’tis 
plain  they  muft  fucceed  each  other  at  Intervals  proportion’d  to 
the  Times  of  the  Vibrations :  But  the  Times  of  the  Vibrations  of 
the  fame  Body  are  all  equal ;  confequently,  the  Intervals  of  the 
Pulfes  will  be  fo  too. 

V.  T'he  aerial  Pulfes  are  propagated  together  m  great 
Exp.  245.  Numbers  fro?Tt  diferent  Bodies  without  Difurba^tce  or 
Co7ifuJio7i ;  as  is  evident  from  Concerts  of  Mufical  In- 
flruments,  where  divers  Sounds,  of  diftcrent  Intervals  and  various 
Coincidences,  ftrike  the  Ear  at  once,  yet  with  Diftindlnefs  and 
agreeable  Confonance. 
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VI.  TToe  Particles  of  Air^  a7td  confequently  the 
Pulfes^  frihng  againfl  a77  Obfacle^  will  be  reflecled  E>:p.2^6. 
back  uTtder  a7i  ATtgle  equal  to  that  of  IficideTtce  \  in  the 
fame  manner  as  will  be  fhewn  in  regard  to  the  Rays  of  Light. 

Repetition  of  the  Sounds  heard  by  the  dired:  Pulfes,  will  be 
made  by  thofe  which  are  refleded ;  which  is  what  we  call  an 
Echo. 

The  Locus,  or  audible  Place  of  Sounds  will  be  there  where  the 
Particles  of  Air  firfl:  begin^to  diffufe  themfelves  in  Form 
of  Waves.  Thus  a  Perfon  fpeaking  in  one  End  of  a  247. 
Tube,  or  Trumpet,  will  be  heard  as  fpeaking  from 
the  other.  And  as  in  the  Cafe  of  Light,  we'  fee  the  Image  of 
an  Objed  always  in  the  Diredion  of  the  refleded  Ray ;  fo  in 
Echoes^  we  hear  a  Perfon  fpeak  at  the  Place  from  whence  the  re- 
fleded  Wave  comes  to  the  Ear. 

Because  the  Sound  is  ftronger  in  proportion  as  the 
(Air  is  denfer,  it  muft  follow,  that  the  Voice  paffing  Exp.  248. 
through  a  Tube  or  Trumpet  muft  be  greatly  augmented 
by  the  conflant  Refledion  and  Agitation  of  the  Air  through  the 
Length  of  the  Tube,  by  which  it  is  condenfed,  and  its  Adion 
on  the  external  Air  greatly  increafed  at  its  Exit  from  the  Tube  ; 
which  from  hence  is  call’d  the  Stentorophonic  Tube^  or  Speakitig- 
TruTnpet*  -  ' 

For  the  fame  Reafon,  thofe  Funnel- like  Inflruments,  vvhich 
gather  the  larger  and  more  languid  Waves  of  Air,  do 
greatly  condenfe  them,  and  heighten  their  Power  and  Exp.  249, 
Adion  on  the  Drum  of  the  Ear;  by  which  means. 

Voices  and  Sounds  are  render’d  flrong^  loud.,  and  audible.,  wdiich 
were  not  fo  before  to  a  deafen’d  Ear ;  and  hence  tliefe  Inftrii-’ 

^  ments  come  to  be  call’d  Otacoujlics, 

I  shall  only  obferve,  in  regard  of  thofe  Inftruments  which 
magnify  Sounds,  and  aflift  the  Hearing,  that  the  longer  they  are., 
the  greater  is  their  EffeSi ;  and  that  of  all  the  Forms  or  Shapes, 

none 
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none  is  fo  good  as  that  dei'ived  from  the  Revolutioti  of  the  Loga- 
7'ithi?tic  Curve  about  its  Jlxis, 

From  the  fourth  Property  of  the  aerial  Pulfes  we  have  the  Ori¬ 
gin  of  the  various  Degrees  of  what  we  call  the  Note^  To7ie^  or 
Tune  of  Sounds,  in  regard  of  which  they  are  diftinguifh’d  into 
low  and  high^  or  grave  and  acute^  by  Mulicians  call’d  Flats  and 
Sharps,  Now  the  Tone  of  a  Sound  depends  on  the  Time  or  Du¬ 
ration  of  the  Stroke  made  on  the  Drum  of  the  Ear,  by  a  Wave 
or  Pulfe  of  Air;  for  as  that  is  longer  or  flrorter,  the  Tone  will  be 
more  grave  or  acute :  And  fince  all  the  Pulfes  move  equally  fwift, 
the  Duration  of  a  Stroke  will  be  proportional  to  the  Interval  be¬ 
tween  two  fucceffive  Pulfes;  and  confequently,  a  Sound  is  more 
or  lefs  Grave  or  Acute  m  proportio7i  to  the  Length  of  that  hi- 
terval. 

Hence  it  follows,  that  all  the  Sounds  from  the  loudefl 
Exp.  250.  to  the  lowef.^  which  are  excited  by  the  Vibrations  of  the 
fame  Body,  are  of  one  To7ie,  It  likewife  follows,  that 
all  thofe  Bodies  whofe  Parts  perform  their  Vibrations  in  the  fame 
or  equal -Times,  have  the  fame  Tone:  Alfo,  thofe  Bo- 
251.  dies  which  idbrate  fowefl.,  have  the  gravef  or  deepefl 
To7ie ;  as  thofe  which  vibrate  quichejl.^  have  the  fharpejl 
or  foriilef  Tone, 

The  Times  of  the  Vibrations  of  Muftcal  Stri7igs.^  and  confe¬ 
quently  the  Tones,  vary  in  refpedl  of  the  Length,^  the 
Exp.  252.  Magnitude.^  and  the  Te7ifio7i  of  thofe  Strings.  For  if 
two  Strings  A B,  CD,  are  of  the  fame  Magnitude,  and 
ftretch’d  by  equal  Weights  E,  F,  have  their  Lengths  as  2  to  i, 
the  Times  of  their  Vibrations  will  be  in  the  fame  Ratio.  Hence 
the  Number  of  Vibrations  of  the  two  Strings  AB,  CD,  perform’d 
in  the  lame  Time,  will  be  inverfely  as  their  Letigths ;  or  C  D  will 
make  two  Vibrations,  while  A  B  performs  one.  The  Vibrations 
of  two  fuch  Strings  will  therefore  co-incide  at  every  fecond  of  the 
leffer. 

Again  : 
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Again:  If  two  Strings  AB,  CD,  have  their  Dia¬ 
meters  as  2  to  I,  and  are  of  equal  Length,  and  Exp.  253. 
tended  by  equal  Weights  E,  F ;  the  Tunes  of  the 
Vibratio7is  will  be  as  their  Diameters^  viz.  as  2  to  i ;  and  fo 
the  Vibrations  in  a  given  Time,  and  the  Co-incidences,  as  before. 

Lastly:  If  the  Diameters  and  Lengths  of  the 
Strings  be  equal,  the  Tunes  of  the  Vibrations  will  be  Exp.  2^^. 
inverfely  as  the  Square  Roots  of  the  Weights  which 
ft  retch  them.  If  the  Weights  E  and  F  be  as  i  to  4  (the  Square 
Root  of  which  are  i  and  2)  then  the  Times  of  Vibration  in  AB 
and  C  D  will  be  as  2  to  i .  Hence  in  conftruSiing  firing  d  In- 
ftru7nents^  as  Spinets^  Harpftchords^  Sec.  a  fkilful  Artift  will 
compound  thefe  Proportions  of  the  Length.^  Dia^neter^  and  Ten- 
fton  of  the  Strings  to  very  great  Advantage. 

I N  Wind-Inftru7nents^  as  the  Flute^  Organ^  &c.  where 
the  Sound  is  made  by  the  Vibration  of  a  Colw?in  of  Exp.  255. 
elaftic  Air  contain’d  in  the  Tube,  the  Time  of  Vibra¬ 
tion  or  Tone  of  the  Inftrument  will  alfo  vary  with  the  Length 
and  Diameter  of  the  faid  Colmmi  of  Air^  ajtd  Force  of  the  V oice^ 
which  compreffes  it;  as  will  be  eafy  to  obferve  from  Experi¬ 
ments. 

I F  -one  Body  be  made  to  found  with  another,  their 
Vibrations  will  co-incide  after  a  certain  Interval;  and  Exp.  2^6. 
the  fhorter  the  Interval  of  the  Co-incidence,  the  more 
agreeable  is  the  Effed:  or  Confonance  to  the  Ear;  confequently, 
thofe  which  are  moft  frequent  produce  the  moft  perfecfl  Confo¬ 
nance  or  Concord^  as  it  is  commonly  call’d.  When  the  Times 
of  Vibration,  therefore,  are  equal,  the  Co7tcord  is  moft  perfed: 
and  more  agreeable  than  any  other,  and  this  is  call’d  Unifon. 

If  the  Times  of  Vibration  are  as  i  to  2,  the  Co¬ 
incidence  will  be  at  every  fecond  Vibration  of  the  257. 
quickeft,  and  fo  this  is  the  next  perfed  Concord,  and 
is  what  we  commonly  call  a  Diapafon  or  0 Slave. 
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If  the  Times  of  the  Vibration  be  as  2  to  3,  the 
Co-incidence  will  be  at  every  third  Vibration  of  the 
quickeft ;  which  therefore  is  in  the  next  Degree  of  Per¬ 
fection,  and  this  is  call’d  a  Diape^ttey  or  Fifth.  If  the  Times  of 
Vibration  are  as  3  to  4,  the  Co-incidence  will  be  at  every  4th  of 
the  lefier ;  and  this  is  call’d  the  Diatejfaron  or  Fourth. 
Exp.  259.  But  this,  and  the  xiext  which  follow  in  order,  are  not 
fo  agreeable  and  pleafant  to  the  judicious  Ear,  and  are 
therefore  call’d  ImperfeSi  Coucords.  Nor  are  there  above  /even 
Notes  in  all  the  infinite  Variety  of  Tones,  which  can  merit  a  Place 
in  Mufical  Compofitions,  and  they  are  exhibited  in  Fig.  XXIX. 
which  reprefents  the  Strings  in  an  OCtave  of  a  Harpfichord,  with  j 
the  Semitojtes  or  Half- Not esy‘  call’d  Flats  and  Sharps y  | 
Exp.  260.  by  which  the  Natural  Notes  are  made  half  a  Note  : 

lower  or  higher,  as  the  Air  of  the  Song  or  Mufick  : 
requires.  And  this  is  call’d  the  Diatonic  Scale  of  Mufic.  ■ 

In  this  Scale,  the  feven  natural  Notes  are  mark’d  on  the  Keys 
by  the  feven  Letters  C,  D,  E,  F,  G,  A,  B.  The  firfl:  of  which 
is  call’d  the  Fundamental  or  Key  ;  the  reft  in  Order  are  the  Second 
Greater y  the  pThird  Greatery  the  Fourth  Gr eatery  the  Fifthy  the 
Sixth  Greatery  the  Seventh  Greatery  and  then  the  Eighthy  which 
begins  the  next  Octave.  Between  thefe  are  interpofed  the  five  Semi- 
tonesy  viz.  the  Second  Lejfery  the  Idhird  Leffery  the  Fourth  Grea¬ 
tery  the  Sixth  Lejfery  the  Seventh  Lefer.  Thefe  feveral  Tones 
and  Semitones  have  the  Lengths  of  the  Strings  adjufted  from^ 
the  Divifion  of  the  Monochordy  or  Line  divided  into  100  or  j 
1000  equal  Parts,  as  is  very  eafy  to  apprehend  from  the  Figure.  | 
The  Number  of  thofe  Divifions  are  alfo  fhewn  for  each  ; 
String,  by  the  firft  Series  of  Numbers  on  the  Strings  ;  the  next  } 
Series  fhew  the  Proportion  of  the  Length  of  each  String  to  that  i 
of  the  Kejpy  or  Monochord ;  and  confequently  the  Number  of  I 
Vibrations  of  the  Fundamental  and  each  String  relpeCtively,  per-  ‘ 
form’d  in  the  fame  Time. 
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O  F  thefe  twelve  Intervals  or  Ratios  of  Mufical  Sounds,  the 
0 Slaves  and  Fifths  are  perfeSi  Concords ;  the  third  Greater,  third 
Lefler,  the  Greater  and  Leffer  Sixth  are  imperfeSl  Concords  \  the 
Greater  Fourth,  the  two  Seconds^  and  two  Sevenths  are  Difcords\ 
the  Fourth  is  in  its  own  Nature  a  per  fed:  Concord^  but  lying  be¬ 
tween  the  Third  and  Fifth,  it  cannot  be  ufed  as  fuch,  but  when 
join’d  with  the  Sixth,  to  which  it  ftands  in  the  Relation  of  a 
Third.  All  Melody  and  Harmony  are  compos’d  of  thefe  twelve 
Notes ;  for  the  Odaves  above  or  below  are  but  the  Replications  of 
the  fame  Sounds  in  a  higher  or  lower  Tone.  Melody  i§  the  agree¬ 
able  Succeffion  of  feveral  Mufical  Sounds  in  any  fingle  Piece  of 
Mufic;  as  Harmony  is  the  Effed  of  feveral  of  thofe  Pieces  or 
Parts  of  Mufic  play’d  together. 

Harmonical  Proportio?t  is  that  which  is  between 
thofe  Numbers  which  aifign  the  Lengths  of  Mufical  Exp.  261, 
Intervals,  or  the  Lengths  of  Strings  founding  Mufical 
Notes ;  and  of  three  Numbers  it  is,  when  the  Firjl  is  to  the  TShird^ 
as  the  Difference  between  the  Firjl  and  Seco7td  is  to  the  Difference 
between  the  Second  a7td  Third  \  as  the  Numbers  3,  4,  6.  Thus 
if  the  Lengths  of  Strings  be  as  thefe  Numbers,  they  will  found  an 
OSiave^  3  to  6 ;  a  Fifths  2  to  3  ;  and  a  Fourth^  3  to  4. 

Again:  Haiynonical PropS)rtion  between  four  Num¬ 
bers  is,  when  the  Firjl  is  to  the  Fourth  as  the  Dif-  Exp.  262. 
ference  between  the  Firjl  and  Second  is  to  the  Diffe¬ 
rence  between  the  Third  and  Fourth.^  as  in  the  Numbers  5,  6,  8,  lo: 
For  Strings  of  fuch  Lengths  will  found  an  OSlave^  5  to  10; 
a  Sixth  Greater,  6  to  10;  a  Third  Greater,  8  to  10;  a  Third 
Lefler,  5  to  6 ;  a  Sixth  Leffer,  5  to  8;  a  Fourth,  6  to  8. 

I T  may  be  here  obferved,  that  a  Series  of  Num¬ 
bers  m  Harmonical  Proportion  are  reciprocally  as  Exp.  263. 
another  Series  in  Arithtnetical  ProgrejJio77^ 

y Harmon.  10  :  12  :  15  :  20  :  30  :  60  : 
^Arithmet.  6:  5:  4:  3:  2:  i: 
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for  here  10:12::  5:6;  and  12:  1 5  ; :  4  :  5  ;  and  fo  of  all 
the  reft.  Whence  thofe  Series  have  an  obvious  Relation  to,  and 
Dependence  on,  each  other ;  which  in  fome  Problems  of  fpecu- 
lative  Philofophy  will  be  very  ufeful  to  know. 

If  the  three  Lines  AD,  BG,  CH,  be  taken  in  Mu- 
Fig.  XXX.  heal  Proportion,  or  as  the  Numbers  6,  4,  3  ;  and  in 
the  Line  AD  we  take  AE  equal  to  BG,  AF  equal 
to  C  H,  will  the  Line  AD  be  divided  m  Harmoi2ical  Pro- 
portiony  in  the  Points  A,  F,  E,  D;  viz.  AD  :  AF  : :  DE  :  EF. 

And  in  this  manner  is  the  Axis  of  a  Convex  and  Con- 
E:<p.  264.  cave  Mirrour  divided  by  the  ObjeSiy  the  Imagey^  the 
Vertex  of  the  Mu^roury  and  the  Center^  as  may  be 
eahly  fhewn  by  Experiment. 

Also  the  Limits  of  the  Colours  of  Light,  as  feparated  by  the 
Prifm,  fall  upon  the  feven  Mufeal  Divifons  of  the  Monochord ; 
as  will  be  farther  taken  notice  of,  and  exemplified  in  the  next 
Ledlure. 

I  SHALL  conclude  this  with  taking  notice  of  one  fin- 
Ei(p.  265.  gular  Property  of  a  Mufical  Chord,  viz.  that  it  will 
be  put  into  a  vibratory  Motion  by  the  Pulfes  of  the  Air 
proceeding  from  the  Vibrations  of  another  very  near  it,  and  in 
Concord  with  it :  If  the  vibrating  String  be  JJjiifon  wfith  it,  the 
other  will  tremble  through  its  whole  Le7tgth ;  if  an  OElavey  it  will 
vibrate  by  the  Half-Lengths  only ;  if  the  String  which  commu¬ 
nicates  the  Motion  be  a  Double-OBave  abovey  or  o?ie  Fourth  of 
the  Length  of  the  other,  the  Motion  will  be  ftill  correfpondent 
in  that  other  String,  for  it  will  vibrate  only  by  the  Fourths  of  its 
Length  from  one  End  to  the  other.  Thus  if  AB  be  a 
iv. XXXI.  String  four  Feet  long,  and  CD  another  of  one  Foot; 

if  the  latter  be  ftruck  with  a  Quill,  the  Vibrations  will 
be  communicated  to  the  former  in  fuch  a  manner  that  it  will  vi¬ 
brate  only  by  a  Foot-Length  at  the  fame  time  through  the  whole 
String ;  which  will  be  evident  by  the  fmall  Pieces  of  Paper  by  dy  f  hy 

hung 
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hung  upon  the  Middle  of  every  Foot-Length,  fuddenly  leaping 
off ;  while  the  other  Pieces  d,  d,  remain  unmoved  upon 
the  String  at  the  End  of  every  Foot,  where  the  Vibrations  feve- 
rally  begin  ^nd  end,  and  confequently  where  the  Line  has  no  Mo¬ 
tion  at  all.  ' 


LECTURE  VIII 

0/  L  I  G  H  T  and  COLOURS. 

That  Light  is  not  a  7nere  ^luality  of  fome  Bodies,  but 
is  itfelf  a  real  Body,  or  diflind:  Species  of  Matter,  and 
endued  with  all  the  natural  Properties  thereof,  will,  I 
prefume,  be  fufficiently  manifeft  from  the  following  Experiments 
relating  thereto.  We  fliall  therefore,  at  prefen t,  take  it  for 'grant¬ 
ed,  that  Light  C07ijijls  of  biconceivahly  fmall  Particles  of  Matter 
of  different  Magnitudes^  which  are  emitted  or  refleSied  fro7n  every 
Point  i?t  the  Surface  of  a  lumi?70us  Body  in  right  Lines^  a?id  in 
all  DireSiions^  with  an  unparalleF d  V elocity^  and  whofe  Power  or 
lnte?ifity  decreafes  as  the  Squares  of  the  Difances  increaje. 

That  the  Particles  of  Light,  refraded  through  the  Humours 
of  the  Eye  to  the  Retina^  or  fine  Expanhon  of  the  Optic  Nerve 
over  all  the  interior  hinder  Part  of  the  Eye ;  and  there,  by  paint¬ 
ing  the  Images  of  external  Objeds,  become  the  immediate  Means 
of  Sight,  will  be  fully  fhewn  in  the  next  Ledure. 

W E  fhall  now  confider  Light  under  the  various  Charaders  and 
Qualities  of  a  Natural  Body,  and  point  out  thofe  remarkable  Af- 
fedions  and  Properties  fo  peculiar  to  itfelf,  and  the  Caufes  of  fo 
many  very  curious  and  extraordinary  Phaenomena  in  Nature. 

That 
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That  the  Particles  of  Light  are  inconceivably  finally 
Exp.  266.  is  evident  from  hence,  that  the  greateft  Quantity  of 
Light,  in  the  State  of  greateft  Denfity,  or  Fiame^  is 
found  to  have  fcarce  any  fenfible  Gravity  or  Weight,  which,  we 
iiave  fliewn,  is  always  proportional  to  the  Quantity  of  Matter  in 
all  Bodies :  Alfo,  becaufe  thofe  Particles  pervade  the  Pores  of  all 
tranfparent  Bodies,  however  hard  or  heavy,  as  Glafs  and  Ada¬ 
mant.  But  we  know  it  more  efpecially  from  hence,  that  the 
Stroke  we  receive  by  a  Particle  of  Light  has  no  fenfible  Force  or 
Momenttwt.,  which,  on  account  of  its  prodigious  Velocity,  would 
be  very  great,  and  infufferable,  were  it  of  any  affignable  or  con- 
ftderable  Magnitude. 

Yet  fmall  as  they  are,  we  find  the  Rays  confift  of  different 
Sorts  of  Particles  in  Light  emitted  from  all  Bodies ;  and  that  this 
Difference  of  the  Rays  of  Light  arifes  from  the  different  Magni¬ 
tude  of  the  Particles,  feems  moft  evident  from  the  different  Di- 
*  recftions  the  feveral  Sorts  of  Rays  move  in,  after  they  have  pafs’d 
through  a  Body  of  Glafs,  Water,  &‘c.  of  fome  fpecial  Figure, 
as  that  of  a  Prifm  efpecially. 

That  the  Particles  of  Light  are  emitted  from  every  Point  in 
the  Surface  of  a  Body,  is  evident  from  hence,  that  any  given  Point 
in  that  Surface  is  vifible  to  the  Eye  in  any  Situation,  from  whence 
a  Right  lane  can  be  drawn  frojn  the  Eye  to  that  Point ;  which 
could  not  be,  if  the  Light  were  hot  propagated  from  that  Point 
in  all  Directions. 

\ 

That  they  proceed  from  the  Body  in  Right  Lines, 
Exp.  267.  is  clearly  feen  by  Experiments  on  the  Sun-Beams,  Can¬ 
dle-Light,  in  a  darken’d  Room ;  alfo  from  the 
Shadows  which  Bodies  of  every  Figure  caft,  being  fuch  as  would 
be  determined  by  Right  Lines  drawn  from  the  luminous  Point 
touching  the  Extremities  of  thofe  Bodies. 

The  Velocity  of  the  Rays  of  Light  furpaffes  that  of 
all  other  Bodies  we  know  of.  By  obferving  the  Times 

of 
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of  the  Eclipfes  of  Jupiter\  Satellites  when  the  Earth  is  neareft, 
and  again  when  it  is  fartheft  diftant  from  that  Planet,  we  fhall 
find,  that  in  the  former  Cafe  thofe  Eclipfes  happen  too  foon^  and 
in  the  latter  too  late^  by  the  Space  of  about  feveft  Minutes ;  which 
fhevvs,  that  in  that  Time  the  Light  pafles  over  the  Semidiameter  of  ■ 
the  Earth’s  Orbit,  which  is  about  82000000  Miles;  which  is  at 
the  rate  of  200000  Miles  in  a  Second  of  Time,  and  which  is 
therefore  nearly  800000  times  greater  than  the  Velocity  of  Sound. 

Again  :  Since  Light  is  propagated  in  Right  Lines,  its  Power 
or  Intenfity  will  decreafe  as  the  Squares  of  *  the  Diftances  increafe; 
and  therefore  the  Light  and  Heat  of  the  Sun  at  the  Difiances  of 
the  Six  Planets,  Mercury^  VenuSy  Earthy  MarSy  Jupitery  and 
SaturUy  'will  be  nearly  as  700,  200,  100,  43,  3,  i.  fuppofing 
their  Difiances  as  the  Numbers  4,  7,  10,  15,  52,  95. 

From  the  fiupendous  Velocity  of  luminous  Particles  arife' their 
prodigious  Effects  in  regard  of  Heaty  Flamey  Burningy  Meltingy 
l^c.  Thus  when  they  are  confiderably  denfe,-  they  ad;  very  for¬ 
cibly  on  the  Parts  of  an  animal  Body,  and  raife  the  Sejtfation  of 
Heaty  by  the  great  intefiine  Motion  which  they  produce  in  every 
Part.  Hence  all  other  Bodies  are  hotter  or  colder y  as  they  contain 
a  greater  or  lefler  Quantity  of  ignitions  Particles,  and  fo  have  a 
greater  or  lefler  Degree  of  intefiine  Motion  of  the  Parts. 

If  thefe  lucific  Particles  are  fufficiently  imbibed  or 
generated  in  any  opake  Tody,  they  caufe  it  to  fiiine, 
or  glow,  or  become  red-hot ;  and  by  their  prodigious 
Adivity  will  in  time  difunite,  diffolve,  and  defiroy  its  natural 
Texture,  and  thus  change  its  Form,  and  reduce  it  to 
another  Species  of  Matter;  AJbeJlos  not  ex-  Exp.2jo.. 

cepted. 

If  the  ignific  Particles  of  Light  are  fufficiently  con- 
denfed,  as  the  Rays  of  the  Sun  by  a  Lens  or  Burning-  271. 
Glafsy  they  become  ardenty  and  burn  with  an  Intenfity 
proportional  to  the  Denlity  of  the  Rays  in  the  Focusy  or  Burning- 

Point 
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Point  of  the  Glafs ;  which  burning  Spoty  or  circular  Spaccy  is  al¬ 
ways  as  the  Area  of  the  Burning-Glafs  diretlljy  and  the  Square 
of  the  Focal  Difta7tce  mverfely.  Thus,  fuppofe  the  Surface  or 
Area  of  one  Glafs  contain’d  1 2  Square  Inches,  and  its  Focal  Di- 
ftance  were  8  Inches ;  and  the  Area  of  another  Glafs  were  9 
Square  Inches,  and  its  Focal  Diftance  4  Inches ;  then  the  EfFeds 
or  Intenhty  of  Burning  would  be  as  to  or  as  1 2  x  16  to  9  x 
64,  viz,  as  197  to  576. 

When  Rays  of  Light  fall  on  the  Surface  of  an  opake 
Exp.  272.  Body,  part  thereof  are  refleded  to  the  Eye,  which  ren¬ 
der  it  vifible  \  the  other  Part  is  tranfmitted,  and  vari- 
oufly  refleded  through  the  Pores  of  the  Body,  till  it  becomes  to¬ 
tally  fuffbcated  and  loft  therein ;  and  ft  nee  none  of  thofe  Rays 
come  from  the  interior  Parts  to  the  Eye,  we  can  fee  nothing  of  the 
internal  Subftance  of  fuch  a  Body,  which  therefore  is  faid  to  be 
opake. 

But  when  Rays  of  Light  fall  on  tranfparent  Bodies y 
Exp.  273.  part  is  refleded  at  the  firft  Surface,  and  part  is  tranf¬ 
mitted  into  the  Body,  which  is  refraded  in  Right  Lines 
to  the  fecond  or  lower  Surface,  where  it  is  again  partly  refleded 
and  in  part  refraded  into  the  Air,  and  coming  to  the  Eye,  renders 
the  internal  Parts  of  thofe  Bodies  viflble,  which  for  that  Reafon 
are  faid  to  be  diapha7ious  or  tranfparent. 

When  a  Ray  of  Light  HC  falls  on  any  plain,  con- 
KXXXII.  vex,  or  concave  Surface,  as  AB,  DE,  F  G,  in  the  Point 
C,  the  Angle  H  C  K,  made  by  the  incident  Ray  H  C 
and  the  Perpendicular  K  C,  is  always  equal  to  the  Angle  K  C  I, 
made  by  the  faid  Perpendicular  and  the  refleded  Ray  Cl:  Or  the 
Angle  of  Incidence  is  equal  to  the  Angle  of  Refledion  in  every 
Inclination  of  the  Ray  of  Light.  This  is  evi- 
Exp.  274.  dently  fhewn  by  Experiment;  and  it  is  very  well  worth 
our  Obfervation,  that  in  this  Cafe  only,  the  faid  Ray 
takes  the  fjortejl  W ay  pofftble  from  any  Point  H,  to  any  other 

Point 
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Point  I,  if  it  muft,  in  its  Paffage,  touch  any  of  thofe  Sur¬ 
faces. 

The  Rays  of  Light  reflecficd  from  the  firfl:  Surface 
of  a  Glafs  are  more  copious  than  thofe  refled;ed  from  Exp.  2^^. 
the  fecond  Surface,  as  is  evident  from  hence,  that  the 
Image  form’d  in  the  firfl:  Cafe  is  more  bright  and  fplendid  than 
that  of  the  latter ;  and  if  the  fecond  Surface  be  contiguous  to  any 
tranfparent  Medium^  as  Air,  Water,  &c.  the  Rays  will  be  refleded 
from  thence  in  greater  Plenty,  as  the  Medium  is  more 
rare;  whence  the  Image  by  Refledion  from  the  fecond  Exp.  270. 
Surface  is  brighter  when  that  Surface  is  contiguous  to 
Air,  than  when  it  touches  Water ;  and  moft  .bright  when  it  is 
contiguous  to  a  V acuum. 

If  the  fecond  Surface  of  Glafs  be  cover’d  with  an 
opake  Body  impervious  to  the  Rays  of  Light,  they  will  Exp.  277. 
then  be  refleded  in  much  greater  abundance  from  the 
fecond  than  from  the  firfl:  Surface,  and  the  Image  will  be  pronor- 
tionally  more  bright  than  that  form’d  by  Refledion  from  the  firfl: 
Surface  ;  which  is  the  Cafe  of  all  Glaffes  foliated  or  quickfilver’d. 
Whence  it  appears,  that  the  Light  refleded  from  the  firfl:  Surface 
bears  a  very  fmall  Proportion  to  that  which  is  tramitted  into  the 
Subftance  of  the  Glafs. 

When  a  Ray  of  Light,  as  HC,  pafTes  out  of  Air 
into  a  denfer  Medium,  as  A  B  F  O,  it  will  be  ftrongly  F.XXXIII. 
attraded  by  the  Particles  of  the  Surface  of  the  Medium 
A  B,  a  little  way  on  each  Side ;  the  Confequenpe  whereof  is,  that 
its  Motion  will  be  accelerated  at  the  Entrance  of  the 
Medium,  and  its  Diredion  fomewhat  alter’d ;  for  fince  Exp.  278, 
the  Attradion  of  the  Medium  is  perpendicular  to  its 
Surface,  it  will  defied  or  bend  the  Ray  out  of  its  firft  Diredion 
HF,  into  a  new  one  CE,  (through  the  Mediu77i)  which  lies  nearer 
to  the  Perpendicular  K  D,  drawn  through  the  Point  of  Incidence 
C:  And  this  is  call’d  the  Refraction  of  a  Ray  of  Light 
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H  C  K  is  the  Angle  of  Incidence,  and  D  C  E  the  Angle  of  Re¬ 
fraction. 

If  on  the  Point  C  be  defcribed  a  Circle  D  H  K  G,  and  from 
the  Points  H  and  G  (where  the  Circle  cuts  the  incident  and  re¬ 
fracted  Ray)  be  drawn  the  Lines  H  L,  G  I,  at  right  Angles  to  the 
Perpendicular  KD,  they  will  be  the  Smes  of  the  Angles  of  Inci¬ 
dence  and  RefraSlion.  And  it  is  feveral  ways  demon- 
279.  ftrable,  that  in  every  Inclination  of  the  Ray  of  Light  i 
H  C  to  the  SuiPace  of  the  Medium  A  B,  thofe  two 
Sines  H  L  and  G I  will  always  have  one  certain  or  conftant  Ratio 
or  Proportion  to  each  other ;  And  that  HL:GI::4:3,  if  the 

Refraction  be  out  of  Air  into  IV ater ;  but  H  L  ;  G I  : :  , 

Exp,7.%o.  17  r  II,  or  3  :  2  nearly,  if  out  of  Air  into  Glafs\  and 

and  in  general,  the  denfer  the  Medium,  the  greater  its 
refractive  Power,  or  Difproportion  of  the  Sines ;  all  which  Parti¬ 
culars  will  be  very  evident  by  Experiments. 

If  a  Ray  of  Light,  as  E  C,  pafs  out  of  a  denfer  Medium  into 
a  rarer,  as  a  Water  or  Glafs  into  Air^  it  will,  upon  entering  the 
rarer  Medium  at  C,  be  refracted  from  its  lirft  Direction  E  N  into 
a  new  one  C  H,  which  will  be  farther  oiF  from  the  Perpendicular 
K  C  D ;  and  in  this  Cafe,  I G  will  be  the  Sine  of  the  Angle  of 
Incidence,  and  H  L  that  of  the  Angle  of  Refraction ;  and  all  other 
Particulars  juft  the  reverfe  of  what  they  were  before  under  the  lame 
Names.. 

FIence  it  follows,  that  if  any  Object  be  placed  at  E„ 
281.  and  cover’d  with  Water  to  the  Height  CD,  it  will  be 
feen  by  an  Eye  placed  any  where  above  the  Surface  A  B,, 
in  a  Situation  lower  than  would  be  otherwife  pollible ;  and  thus 
Objects,  which  are  invilible  may  be  render’d  vilible  by  the  Interpo- 
'lition  of  a  denfer  Medium,  as  is  well  known  by  a  common  Expe¬ 
riment.  On  this  account  it  is  that  we  fee  the  Sun,  and  other  Lu¬ 
minaries,  while  they  are  yet  below  the  Horizon,  in  a  Morning  be¬ 
fore  they  rife,  and  in  the  Evening  after  they  are  fet,  by  the  Re¬ 
fraction 
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fradion  of  the  Atmofphere.  Hence  alfo  *the  Difference  in  the 
Diameters  of  the  Horizo72tal  Sui7  and  Moon^  and  their  Elliptic 
Figure^  by  the  greater  Refradion  of  the  Rays  coming  from  the 
lower  Limb. 

Again  ;  it  follows,  that  if  an  Objed  be  view’d 
which  is  part  in  one  Medium  and  part  in  another,  as  Exp.  282. 
a  Staff  reprefented  by  N  £,  it  will'  not  appear  Jirait^ 
but  crooked  \  for  if  the  Eye  be  in  the  rarer  Medium,  the  Part  of 
the  Staff  in  the  denfer,  C  E, '  will  be  refraded  into  the  Line  C  F, 
and  the  whole  Staff  will  appear  in  the  crooked  Form  N  C  F. 

Hence  alfo  all  Objeds  in  a  denfer  Medium  appear 
raifed  or  elevated  above  their  real  Situations:  Thus  the  Exp.  283, 
Part  of  the  Staff  CE  is  raifed  into  the  Situation  CF; 
and  the  Bottoms  of  all  Veffels,  if-  cover’d  with  Water,  284. 
appear  raifed,  or  higher  by  a  fourth  Part  of  the  Depth  285. 
of  the  Water,  than  what  they  really  are. 

The  Sun’s  Rays,  as  I  have  faid,  are  not  homogeneous,  but  of 
different  Kinds ;  and  each  Sort  has  a  different  Degree  of  Refran- 
gibility ;  that  is,  in  paffing  through  a  denfe  Medium,  they  are 
differently  difpofed  to  be  refraded,  being  bent  or  turn’d  out  of 
their  firft  Courfe  to  different  Diftances  from  the  Perpendicular : 
And  thefe  feveral  Sorts  of  Rays  have  each  a  peculiar  Colour,  viz. 
thofe  which  are  leaft  refrangible  2iXzRed\  the  fecond  Sort,  Orange-, 
the  third  Sort,  Yellow ;  the  fourth  Sort,  Green ;  the  fifth  Sort, 
Blue\  the  fixth  Sort,  Ltdigo-^  and  the  feventh  Sort,  Violet which 
are  moft  refrangible,  or  refraded  to  the  greateft  Diftance  from  the 
Perpendicular. 

To  illuftrate  this  Matter,  let  GF  reprefent  a  Parcel 
of  the  Solar  Rays  entering  through  the  Hole  H  of  a  F.XXXIV. 
Window-Shutter,  into  a  darken’d  Room;  and  there  Exp.2'^6. 
let  them  fall  on  the  Prifm  ABC,  in  the  Point  F  :  In 
paffing  through  the  Prifm  they  will  be  fcverally  refraded  in  a 
diffeient  Degree,  and  thus  feparated  from  each  other,  fo  tliat  at 

L  2  their 


7<  Of  Li  G  H  T  and  Colours. 

their  Exit  on  the  other  Side  at  E,  they  will  proceed  at  different 
Diftances  from  the  Perpendicular  EP  to  the  other  Side  ot  the 
Room,  where  they  will  make  a  long  and  various-colour’d  Image 
of  the  Sun  X  Y,  which  is,  perhaps,  one  of  the  moft  furprizing 
and  agreeable  Spectacles  of  Nature. 

The  feveral  Sorts  of  Rays,  after  they  are  refraCled,  appear  in 
their  own  proper  Colours  in  Order  as  follows,  viz.  Thofe  which 
are  leaft  refraCfed,  or  fall  neareft  the  Perpendicular  P  E  are  Redy 
and  make  the  red  Part  of  the  SpeBrum  at  R ;  the  next  are  the 
Orange  at  O,  die  Yellow  at  Y,  the  Green  at  G,  the  Blue  at  B, 
the  Indigo  at  I,  and  the  Violet  at  V :  And  thefe  Seven  are  all  the 
original  ftmple  Colours  hi  Nature  \  and  of  which,  by  various 
Mixtures,  all  others  are  compounded,  in  the  common  Refractions 
and  Reflections  from  natural  Bodies. 

Since  a  Lens  does,  in  the  manner  of  a  Prifm,  more 
Erp,  287.  or  lefs  feparate  the  Rays  of  Light  pafling  through  it, 
it  follows,  that  all  the  feveral  Sorts  of  Rays  will  have 
their  proper  Focus" Sy  or  be  convened  to  fo  many  different  Points 
in  the  Axis  of  the  Lens,  and  not  all  to  one  Point  only,  as  is  ne- 
ceffary  for  a  perfeCt  and  uniform  Reprefentation  of  the  Image  of 
any  ObjeCt:  For  the  Red  Rays  proceeding  from  the  ObjeCt  will 
be  converged  to  a  Focus  at  a  greater  Diftance  from  the  Lens,  than 
the  Indigo  or  Violet  Rays  ;'  and  fo  the  Image  will  be  colour’d  and 
Gonfufed  in  every  Point  between  thofe  Extremes,  except 
£x7>.  288..  juft  in  the  middle  Point,  where. the  feveral  Sorts  of 
Rays  all  interfeCl  each  other,  and  exhibit  the  Jmage 
tolerably  diftinCf  and  colourlefs.  To  this  different.  Refrangibility 
of  the  Rays  is  owing  the  ImperfeCfioh  of  the  common 
Exp.  289..  refraSiing  Telefcope,  as  will  be  but  too  eafy  to  expe¬ 
riment. 

Hence  alfo  Objecftsof  any  of  the  Ample  Colours, 

-  though  contiguous  to  each  other,  yet,  if  view’d  through 
a  Prifm,  appear  feparated,  and  at  a  diftance  from  one 

another 
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another :  And  thofe  Objeds  will  have  their  Images  form'd  by  a 
Lens  at  very  different  Diftances  in  its  Axis,  efpecially  in  Experi¬ 
ments  of  the  deepeft:  Red^  and  V iolet^  or  Blue  Colours ;  as  a 
Card  painted  half  with  Carmine^  and  half  with  Ultramarine^ 
made  deeper  with  a  little  Indigo, 

Sir  Ifaac  Newton  found,  by  a  very  curious  and  con¬ 
vincing  Experiment,  that  the  Rays  of  Light  were  as  Exp.  2^1, 
varioufly  reflex ible  as  refrangible ;  and  that  thofe  which 
were  moft  or  leafl:  refrangible  were  alfo  moft  or  lead  reflexible : 
And  farther,  that  Rays  of  Light  were  not  refleded  by  impinging 
on  the  folid  Parts  or  Corpufcles  of  Bodies,  and  rebounding  from 
thence  like  a  Tetmis-Ball.,  but  from  fome  other  Principle  depend¬ 
ing  on  the  Size  of  the  Particles  of  Light,  and  the  Thicknefs  or 
Denflty  of  the  Particles  of  the  Body  refleding  it,  which  are  all 
of  them,  in  the  moft  opake  Bodies,  tranfparent  in  them- 
felves,  as  is  eafy  to  be  ffiewn  in  the  thin  Lamellce  or  Exp.  292. 
Plates,  of.  which  an  Oyfter-Shell  doth  confift. 

It  will  be  thought  very  iffange  to  affert,  that  a  rare  Medium 
is  more  impervious  to  the  Rays  of  Light  than  a  denfer 
one  ;  and  yet  nothing  is  more  certain,  or  eafier  proved  Exp.  293, 
by  Experiment:  For  Example,  a  Beam  of  Light  is  much 
more  copioully  refleded  from  the  fecond  Surface  of  a  Piece  ot 
Glafs  when  contiguous  to  the  Air,,  than  when  it  touches  Water ; 
and  ftill  more,  if  contiguous  to  W ater,  than  when  it  is  conti¬ 
guous  to  Glafs ;  in  which  Cafe  the  Rays  are  totally  tranfmitted. 

Hence,  wonderful  as  it  may  feem,  ’tis  neceffary,  in  order  that 
a  Body  may  be  tranfparent,  that  its  Subftance  ihould  be  very 
denfe,  and  its  Pores  very  fmall ;  and  that  Opacity  refults  chiefly 
from  the  Largenefs  of  the  Pores  of  a  Body,  occaflon'd  by  its  Par¬ 
ticles  touching  in  but  very  few  Points ;  Becaufe,  if  the  Pores  of 
'  fuch  a  Body  be  fill’d  with  a  Subftance  nearly  of  the 
fame  Dcnfity,  it  becomes  in-  fome  Degree  tranfparent,  Exp.  29+. 
as  Paper  wetted  with  Water  or  Oil :  And  on  the  con- 
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trary,  Water  blow?i  up  into  fmall  Bubbles  has  its  Den- 
Exp.  295.  diminiflied,  and  its  Porofity  increafed,  and  thus 

becomes  opake. 

If  the  Obje6t-Glafs  of  a  large  Telefcope  be  laid  with 
Exp.  296.  its  convex  Surface  on  a  plain  Glafs,  the  Light  falling 
on  the  thin  Portion  or  Plate  of  Air  contain’d  between 
the  Glaffes  will  be,  at  feveral  Diftances  from  the  Center,  alter¬ 
nately  tranfmitted  and  refledled.  In  the  Center  of  the  Lens,  where 
it  touches  the  Glafs,  it  will  be  tranfmitted,  and  fb  caufe  a  dark 
Spot  to  appear:  ,At  a  fmall  Diflance  from  thence,  all  around,  the 
Light  will  be  reflected  in  various-colour’d  Rings :  In  the  next 
Diflance  it  will  be  tranfmitted,  and  in  the  next  to  that  reflected ; 
and  fo  on  alternately  to  a  conflderable  Diflance  from  the  central 
Spot.  If  we  take  the  Diflances  as  the  Numbers  o,  i,  2,  3,  4,  5, 
6,  7,  8,  9,  iq,  then  at  the  Diflances  o,  2,  4,  6,  8,  10, 
the  Light  will  be  tranfmitted;  and  at  the  Diflances  i,  3,  5,  7,  9, 
it  will  be  refledted  in  colour’d  Rings :  And  this  alternate  Dif- 
pofition  of  Light  to  be  reflected  and  refradted.  Sir  Ifaac  calls  the 
Fits  of  eafy  Refe&ion^  and  Fits  of  eafy  Tranf?niffton. 

As  Light,  falling  upon  this  thin  Plate  of  Air  between  the 
Glafles,  is  varioufly  dif|^ofed  to  be  reJieEied  or  tranftnitted^  ac¬ 
cording  to  the  feveral  Degrees  of  Thicknefs;  fo  when  it  falls  on 
the  Surface  of  natural  Bodies,  it  is  as  v^arioufly  refledfed  from  the 
Pores  of  Air  of  different  Thicknefl'es  in  thofe  Bodies;  and  ac¬ 
cording  to  the  different  Texture  of  Bodies,  and  Magnitude  of  the 
Particles  of  Light,  it  will  be  either  tranfmitted  wholly,  or  in  part ; 
nnd  that  which  is  refledfed  will  be  of  all  o?te  Sort  of  Rays^  or  of 
feveral  Sorts  promifcuoufly  and  unequally.^  or  of  all 
Exp.  297.  Sorts  equally.  Whence  it  will  follow,  (i.)  If  the  Light- 
be  wholly  tranfmitted,  the  Body  will  appear  Blacky 
298.  which  is  the  Abfence  of  all  colour’d  Light.  (2.)  If  the 
Light  refledfed  from  Bodies  be  all  of  one  Sort,  that  Body 
will  appear  all  of  one  Colour,  which  will  be  mofl  Ample  and  in- 
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tenfely  deep.  (3.)  If  the  Rays  are  promifcuoufly  re- 
fledted,  but  one  Sort  more  than  the  reft,  the  Body  will  Exp.  299. 
appear  of  the  Colour  proper  to  that  Sort  of  Ray,  but 
it  will  be  not  fo  pure  and  ftrong  as  before.'  (4.)  If  three 
or  four  Sorts  of  Rays  are  promifcuoufly  refleded  more 
than  the  reft,  the  Colour  of  the  Body  will  be  a  Mix’d 
or  Compound,  inclining  to  the  Tint  of  the  moft  pre¬ 
dominant  Colour.  (5.)  When  all  Sorts  of  Rays  are 
equally  refledled  from  Bodies,  thofe  Bodies  appear 
JVhite^  or  of  the  Colour  of  the  Sun’s  Light.  (6.)  Where 
there  is  no  Light  at  all  incident  on  Bodies,  thofe  Bodies 
can  have  no  Colour,  which  is  a  Property  of  the  Rays  of  Light 
only. 

Let  B  N  F  G  be  a  fpherical  Drop  of  falling  Rain, 
and  A  N  a  Ray  of  the  Sun  falling  upon  it  in  the  Point  F.  XXXV. 
N,  which  Ray  fuppofe  refradled  to  F,  from  thence  re-  ^ 
fledled  to  G,  and  there  again  refraded  in  the  Diredlion  G  R  to  the 
Eye  of  a  Spedlator ;  and  let  I  G  be  perpendicular  to  the  Point  G : 
Then  will  the  Beam,  by  its  Refradion  at  G,  be  feparated  into  its 
feveral  Sorts  of  Rays,  which  will  paint  their  refpedive  Colours  in 
that  Part  of  the  Drop ;  of  which  that  next  the  Perpendicular  I G 
will  be  red^  as  being  leaft  refraded,  and  the  reft  in  Order  above 
it.  Now  it  is  found  by  Computation,  that  the  greateft  Angle 
S  ^  O,  or  E  O  P,  (drawing  O  P  parallel  to  S  E)  under  which  the 
moft  refrangible  Rays  can  come  to  the  Eye  of  a  Spedator  at  O, 
is  40  Deg.  1 7  Minutes ;  and  that  the  greateft  Angle 
FOP,  under  which  the  leaft  refrangible  Rays  come  to  Fig. xxxvi. 
the  Eye  at  O,  is  42  Deg.  2  Minutes.  And  fo  all  the 
Particles  of  Water  within  the  Difference  of  thofe  two  Angles  E  F 
will  exhibit  feverally  the  various  Colours  of  the  Prifm,  and  con- 
ftitute  the  interior  Bow  in  the  Cloud. 

If  the  Beam  go  not  out  of  the  Drop  at  G,  but  is  refleded  (a  fe- 
cond  time)  to  H,  and  is  there  refraded  in  the  Diredion  HS, 

making 
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making  the  Angle  S  Y  A.  with  the  incident  Ray  A  N,  it  will  paint 
on  the  Part  fl  the  feveral  Colours  of  Light,  but  in  an  inverfe  Or¬ 
der  to  the  former,  and  more  faint,  by  reafon  of  the  Rays  lofl  by 
the  feco77d  ReJleEiio?i.  It  has  been  found  alfo,  that  the  lead:  Angle 
S  G  O,  or  G  O  P,  under  which  the  leaf!  refrangible  Rays  can 
come  to  the  Eye  at  O,  after  two  Refledfions  and  two  Refradlions, 
is  50  Deg.  57  Minutes;  and  the  lead:  Angle  HOP,  under  which 
the  mod;  refrangible  Rays  can  come  to  the  Eye  in  this  Cafe,  is 
54  Deg.  7  Minutes.  Whence  all  the  Colours  of  the  exterior 
Bow  will  be  form’d  in  the  Drops  from  G  to  H,  which  is  the 
Breadth  of  this  Bow,  viz.  3  Deg.  10  Minutes;  whereas  the 
Breadth  of  the  other,  viz.  E  F,  is  but  i  Deg.  45  Min.  and  the 
Diflance  between  the  Bows,  viz.  EG,  is  8  Deg.  55  Min.  And 
fuch  would  be  the  Meafures  of  the  Bows,  were  the  Sun 
Exp.  303,  ^  Point :  but  fince  his  Body  fubtends  an  Angle  of 

’  ^  half  a  Degree,  it  is  evident,  by  fo  much  each  Bow  will 
be  increafed,  and  their  Diftance  diminifli’d.  All  which  will  be 
illudrated  by  Experiments. 

PI  ALo’s  are  form’d  by  Rays  of  Light  coming  to  the  Eye  after 
two  Refradtions  through  Drops  of  Rainy  or  fpherical  Hail-fones ; 
which  Light  ought  to  be  ffronged:  at  the  Diffance  of  about  26 
Degrees  from  the  Sun  or  Moon,  or  fomewhat  lefs,  if  the  faid 
Hail-ffones  be  a  little  flatted,  as  often  they  are.  Thefe  Halo" Sy 
if  the  Hail  be  duly  figur’d,  will  be  colour’d,  and  muff  then  ap¬ 
pear  red  v/ithin  by  the  lead;  refrangible  Rays,  and  blue  without  by 
the  mod;  rcfrancrible  ones. 

O 

The  reafon  why  there  is  always  a  determinate  Angle  for  exhi¬ 
biting  the  BowSy  or  Halo'' Sy  is  becaufe  there  is  but  one  particular 
Point  N  in  all  the  Part  of  the  Drop  between  B  and  L,  where  the 
Rays  AN  can  enter,  fo  that  after  a  fecond  Refradlion  at  F  for 
Halo  Sy  or  Rededfion  at  F  and  G  for  the  BowSy  there  can  enough 
go  out  together  at  G  or  H,  to  form  a  ffrong  and  diftindf  Image 

of 
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of  the  Sun ;  which  Rays,  therefore,  entering  at  the  Point  N  are 
call’d  efficacious  Rays^  to  diftinguifh  them  from  the  reft  which 
are  ineffectual. 


LECTURE  IX,  X. 


OPTICS. 


WE  are  now  arrived  to  that  Part  of  Natural  Philofophy 
which  treats  of  Vijion^  and  the  various  Phasnomena  of 
vifible  Objects,  by  Rays  of  Light  reflected  from  Mir- 
rours,  and  tranfmitted  through  Lenfes,  which  conftitute  the  Sub¬ 
ject  of  the  moft  delightful  Science  of  Optics. 

The  principal  Things  here  to  be  conffder’d  are,  Firft,  the  Rays 
of  Right  \  Secondly,  the  Glaffies  by  which  they  are  refleSied  and 
refraBed\  Thirdly,  the  theorems  or  Laws  relating  to  the  Forma¬ 
tion  of  the  Images  of  Obje&s  thereby ;  Fourthly,  the  Nature  of 
Vifon^  and  StruSiure  of  the  Eye\  and  Fifthly,  the  Stru&ure 
and  Ufe  of  the  principal  Optical  Injlruments, 

The  Rays  of  Light  are  diftinguiffied  into  three  Sorts, 
viz.  Parallel^  Convergings  and  Diverging  Rays.  Pa-  Exp.  306. 
rallel  Rays  are  fuch  as  in  their  Progrefs  keep  always  an 
equal  Diftance  from  each  other,  as  ABDC;  fuch  as  P/.  xxxvn. 
are  the  Sun’s  Rays,  in  their  natural  State,  with  refpect 
to  Senfe.  Converging  Rays  are  fuch  as  in  their  Progrefs  approach 
nearer  and  nearer  to  each  other,  all  of  them  tending  towards  a 
certain  Point  F,  where  they  all  unite  ;  as  the  Rays  of  the  Sun 
collected  by  a  Glafs,  as  CDF.  Diverging  Rays  are  thofe  which 
proceed  from  a  Point,  as  F,  and  in  their  Progrefs  recede  from  one 
another  towards  the  Parts  G  E. 
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The  Point  F,  where  the  Rays  are  collected,  is  call’d 
TLxp.  307.  the  Focusy  or  Burning-Point,  becaufe  there  the  Sun’s 
Rays,  being  united  within  a  very  fmall  Conipafs  or 
Circle,  are  greatly  conftipated  and  condenfed,  by  which  means 
their  Adion  or  Fleat  is  proportionably  increafed,  and  therefore 
Objeds  poll  ted  in  that  Point  will  be  greatly  heated,  burnt,  or 
melted. 

Of  Glasses  there  are  two  Kinds,  viz.  MirroiirSy  and  Le^tfes. 
A  Mirrour  or  Specidmn  is  that,  which  from  one  polifh’d  Surface 
refleds  the  Rays  of  Light ;  and  thefe  are  either  Co?tveXy  Co?icavey 
or  Pla7iey  as  will  be  fhewn.  A  Lens  is  any  tranfparent  or  dia¬ 
phanous  Body,  as  Glafsy  Cryjlaly  W ater^  8cc.  through  which  the 
Rays  of  Light  do  freely  pafs,  and  is  of  a  proper  Form  to  colled 
or  difperfe  them.  Of  thefe  there  are  feveral  Species,  as  a  Plane 
LenSy  a  Plano-Convexy  Plano-Concavey  Dot^ble-Cmvexy  Double- 
Concavey  and  Menifeus. 

I  SHALL  now  conlider  the  different  Properties  and  Effeds  of 
thefe  Glaffes  in  refleding  and  refrading  the  Sun’s  Light,  and 
forming  the  Images  of  Objeds;  And  this  all  depends  (in  Refle- 
Flion  of  Light )  on  that  fundamental  Law,  Khat  the  Angle  of  In¬ 
cidence  is  equal  to  the  Angle  of  RefleEiio7i. 

Let  eh  be  a  concave  Mirrour,  V  its  Vertex,  and 
F.xxxviii.  C  the  Center  of  its  Concavity.  Let  A  be  a  Ray  of  the 
Sun’s  Light  incident  on  the  Point  E,  and  draw  E  C, 
which  will  be  perpendicular  to  the  Mirrour  in  the  Point  E ;  make 
the  Angle  C  E  F  equal  to  the  Angle  A  E  C,  then  fhall  E  F  be  the 
relleded  Ray.  Thus  alfo  HF  will  be  the  refleded  Ray  of  the 
incident  one  DH,  at  an  equal  Diftance  on  the  other  Side"  of  the 
Axis  BV. 

If  now  the  Points  E  and  H  be  taken  very  near  the  Vertex  V,  ^ 
^  we  fhall  have  E  F,  or  H  F,  very  nearly  equal  to  F  V ;  but  E  F  i 
=  F  C  ;  therefore  FV=  FC==iCV.  That  is,  ! 
.  xp,  ^0  ,  Focal  Diftance  of  parallel  Rays  will  be  at  the  i 
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Dijlance  of  half  the  Radius  QN  of  the  Concavity  of  the  Mirrour^ 
from  the  V ertex  V,  in  the  Axis  B  V. 

After  the  fame  manner,  a  convex  Mir r our  is  fhewn  to  refled; 
the  Rays  A  E,  D H,  into  E  F,  HE,  as  if  they  came  di¬ 
verging  from  a  Point  F  in  the  Axis  C  V,  which  is  half  Fig,  xxxix. 
the  Radius  C  V  diftant  from  the  Vertex  V.  But  lince 
the  Rays  do  not  adlually  come  at,  or  from  the  Focus  f  Exp.  309. 
it  is  call’d  the  Imaginary  or  Virtual  Focus. 

Parallel  Rays  falling  diredtly  on  a  plane  Speculum 
are  reflected  back  upon  themfelves;  if  they  fall  ob-  310. 
liquely,  they  are  refledled  in  the  fame  Angle,  and  pa¬ 
rallel  as  they  fell.  Hence  there  is  no  fuch  thing,  properly  fpeak- 
ing,  as  a  Focus  belonging  to  a  plane  Speculmn.^  neither  real  nor 
virtual. 

The  Focus  F,  or  f  of  parallel  Rays,  is  call’d  the  Solar  Focus  ^ 
becaufe  in  that  the  Image  of  the  Sun  is  form’d,  and  of 
all  Objedls  very  remote.’  But  the  Focus  of  any  Objedt  Exp.’ll!. 
lituated  near  the  Mirrour  will  have  its  Diftance  from 
the  Vertex  more  or  lefs  than  half  the  Radius;  The  Rule  in  all 
Cafes  being  as  follows : 

Multiply  the  Diftance  of  the  ObjeSl  mto  the  Radius  of  the  Mir¬ 
rour  ajA  divide  that  ProduEi  by  the  Sum  of  the  Radius  and  twice 
the  Diftance  of  the  ObjeSl  \  the  ^uotie?it  will  be  the  Focal  Difta7ice 
of  a  Convex  Mirrour. 

Again  ;  for  a  Concave  Mirrour^  the  fajne  ProduSl  of  the  Ra¬ 
dius  into  the  Diftance  of  the  ObjeSl.^  divided  by  the  Differe?tce  of 
Radius  and  twice  the  Diftance  of  the  ObjeSl.^  will  give  the  Focal 
Diftance  V  F  orVf  And  here  we  are  to  obferve,  that 
as  twice  the  Diftance  of  the  Objed:  is  leffer  or  greater  Exp.  ^12. 
than  the  Radius,  fo  the  Focus  will  be  pofltive  or  nega¬ 
tive,  that  is,  behind  the  Glafs  or  before  it. 

The  Image  of  every  Objed:  is  form’d  in  the  Focus  proper  to 
its  Diftance ;  And  flnce  the  Writers  on  Optics  demonftrate,  that 
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the  Angles  tmder  which  the  OhjeSi  O  B  and  its  Image 
Fig.  XIv.  I M  are  fee?^  frc7n  the  Center  or  V ertex  of  the  Mir r our 
C  are  always  equal ;  it  follows,  that  the  Image  I M 
Esp.'^iZ-  vvill  be  always  in  Proportion  to  the  Objedl  OB,  as  the 
Focal  Diftance  VF  to  the  Objed’s  Diftance  G  V'. 

The  Pohtion  of  the  Objed;  will  be  always  ered  at  a 
314.  poftive  Focus j  or  behind  the  ;  diininilhed  by 

a  convex,  and  magnified  by  a  concave  one.  Hence, 
lince  a  convex  has  but  one,  viz»  an  affirtnative  Focus ;  fo  it  can 
never  magnify  any  Objed,  howfoever  pofited  before  it. 

The  Pofition  of  the  Image  in  a  negative  Focus ^  or 
/i.v;).  315.  that  before  the  Glafs,  will  be  ever  inverted;  and  if 
nearer  the  Vertex  than  the  Center  C,  it  will  be  lefs ;  if 
farther  from  it,  it  will  be  greater  than  the  Objed ;  but  in  the  Cen¬ 
ter,  it  will  be  equal  to  the  Objed,  and  feem  to  touch  it. 

The  Image  form’d  hy  2i  plane  Speculutn  is  ered;  large 
Exp.  316.  as  the  Life;  at  the  fame  apparent  Diftance  behind  the 
Glafs,  as  the  Objed  is  before  it ;  and  on  the  fame  Side 
x)f  the  Glafs  with  the  Objed.  Thefe  Properties  render  this  Sort 
of  Mirrour  of  moft  common  Ufe,  viz.  as  a  Looking-Glass. 

If  the  Rays  fall  diredly,  or  nearly  fo,  on  a  plane 
Exp.  317.  Mirrour,  and  the  Objed  be  opake,  there  will  be  but 
one  fingle  Image  for  tn  d^  or  at  leaft  be  vifible ;  and  that 
by  the  fecond  Surface  of  the  Speculmn^  and  not  by  the  firft, 
through  which  the  Rays  do  moft  of  them  pafs. 

But  if  the  Objed  be  luminous,  and  the  Rays  fall 
Exp.  318.  very  obliquely  on  the  Speculum^  there  will  be  more  than 
one  Image  form’d,  to  an  Eye  placed  in  a  proper  Pofi¬ 
tion  to  view  them.  The  firft  Image  being  form’d  by  the  firft  Sur¬ 
face  will  not  be  fo  bright  as  the  fecond,  which  is  form’d  by  the 
fecond  Surface.  The  third,  fourth,  ^c.  Images  are  produced  by 
feveral  Refledions  of  the  Rays  between  the  two  Surfaces  of  the 
Speculmn ;  and  fince  feme  Light  is  loft  by  each  Refledion,  the 
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Images  from  the  fecond  will  appear  ftill  more  faint  and  obfcure, 
to  the  eighth,  ninth,  or  tenth,  which  can  fcarcely  be  difcerned 
at  all. 

W E  proceed  now  to  Lenfes ;  and  here,  fince  all  Vifion  by  them 
is  effeded  by  the"  Refradion  of  Rays  through  their  Subftance,  it 
will  be  too  intricate  an  Affair  to  ihew  the  particular  Manner  how 
Rays  are  colleded  by  them  to  their  feveral  Focus’s :  It 
muft  fuffice  only  to  fay.  That  parallel  Rays  are  refraSi-  Exp.^i^, 
ed  through  a  plano-convex  Lens  to  a  Point  or  Focus ^ 
which  is  the  Diameter  of  the  Sphere  of  its  Convexity  difla7it  fr07n  it:. 

That  the  fa7ne  Rays  are  colleSied  by  a  double  and 
equally  convex  Le7ts  in  a  Point  which  is  the  Ce77ter  of  Exp.  320. 
the  Sphere  of  its  Convexity  : 

That  parallel  Rays  are  refra&ed  through  a  plaTto- 
concave  Le77S  in  fuch  a  fnanner^  as  though  they  ca7ne 
from  a  Point  dijlant  fro7n  it  by  the  Diafneter  of  its 
Concavity : 

And  that  the  fa7ne  Rays  are  refraEted  through  a  dou¬ 
ble  and  equally  concave  Le7is^  m  Juch  7nan7ur  as  though 
they  proceeded  fro7n  a  Poi7tt  which  is  the  Center  of  the 
Concavity. 

And  in  cafe  of  a  double  and  equally  convex  Lens,  we  have 
this  general  Rule  for  finding  the  Focus  of  Rays  univerfally,  be 
the  Diftance  of  the  Objecl  and  Radius  of  Convexity  what  it  will. 
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Multiply  the  Diftance  of  the  ObjeEl  by  the  Radius  of  Convexi¬ 
ty^  and  divide  that  ProduSi  by  the  Difference  of  the  faid  Diftance 
a7td  Radius ;  the  Quotient  will  be  the  Difta7ice  of  the  Focus  requir  d. 

He  NCE,  if  the  Diftance  of  the  Objecft  be  greater 
than  the  Radius,  the  Focus  will  be  affir7native^  or  be-  Exp.  323. 
hind  the  Lens ;  and  the  Image  will  be  inverted,  and 
diminifh’d  in  Proportion  of  its  Diftance  to  the  Diftance  of  the 
Objed. 

Again; 
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Again;  if  the  Diftance  of  the  Objeci:  be  lefs  than 
Exp.^i^.  the  Radius  the  Focus  will  be  negative^  or  on  the  fame 
Side  of  the  Lens  as  the  Objedl ;  and  the  Image  will  be 
magnified,  and  in  an  ered:  Poiition. 

If  the  Diftance  be  equal  to  the  Radius,  the  Focus 
Exp.  325.  will  be  at  an  infinite  Diftance;  that  is,  the  Rays,  after 
Refradion,  will  proceed  parallel,  and  will  therefore  en¬ 
lighten  Bodies  at 'a  vaft  Diftance.  Hence  the  Contrivance  of  the 
Dark  Lanthorn  for  this  Purpofe. 

Lastly  :  If  the  Diftance  of  the  Objed  be  equal  to 
Exp.  ^26.  twice  the  Radius,  then  will  the  Diftance  of  the  Focus 
and  Image  be  equal  to  the  Diftance  of  the  Objed ;  and 
confequently  the  Image  will  be  equal  in  Magnitude  to  the  Objed, 
but  inverted.  Hence  the  Ufe  of  thefe  Lenfes  to  Painters,  and 
Draught- Men  in  general,  who  have  often  Occafion  for  the  Images 
of  Objeds  as  large  as  the  Life,  to  delineate  or  draw  from. 

As  to  Pla7W-co7icaves.^  they,  having  no  real  Focus, 
Exp.  327.  form  no  Images  of  Objeds ;  fo  that  we  fliall  pafs  them 
to  proceed  to  the  Strudure  of  the  Eye,  the  Manner  of 
performing  Vifion  therein,  the  feveral  Defeds  thereof,  and  how 
remedied  by  Glaflhs ;  which  will  be  illuftrated  by  the  DifTedion 
of  a  77atural  Eye^  and  exemplified  by  an  artificial  one. 

The  Rye  is  the  77oble  Organ  of  Sight  or  Vifion  :  It  confifts  of 
various  Coats  and  Humours,  of  which  there  are  Three 
remarkable,  viz.  (i.)  The  Aqueous  or  IVatry  Hu7nour.i 
which  lies  immediately  under  the  Cortiea^  and  makes 
the  Eye  globular  before.  (2.)  The  Vitreous  Humour 
which  is  by  much  the  greateft  Quantity,  filling  the  Ca¬ 
vity  of  the  Eye,  and  giving  it  the  Form  of  a  Globe  or 
Sphere.  (3.)  The  Cryfialline  Humour y  fituated  be¬ 
tween  the  other  two,  near  the  Fore-part  of  the  Eye, 
and  is  the  immediate  Inftrument  of  Sight ;  for  being  of  a  lenti- : 
cular  Form,  it  converges  the  Rays,  which  pafs  through  the  Pupil, 
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to’  a  Focus  on  the  Bottom  of  the  Eye,  where  the  Images  of  ex¬ 
ternal  Objed:s  are  by  that  means  form’d  and  reprefented. 

Over  all  the  Bottom  of  the  Eye  is  fpread  a  very  fine 
and  curious  Membrane,  call’d  the  Retina^  which  is  an 
Expanhon  of  the  Optic  Nerve  \  upon  which  the  Images 
*  of  Objedls  being  painted  and  imprefs’d,  they  are  by  that  means 
convey’d  to  the  Common  Senfory  in  the  Brain,  vvhere  the  Mind 
views  and  contemplates  their  Ideas ;  but  this  in  a  Manner  too  my- 
fterious  and  abftrufe  for  us  to  underftand. 

The  Cryjlallme  Humour  is  of  fuch  a  Convexity,  that 
in  a  found  State  of  the  Eye  its  Focus  falls  precifely  on  Exp.  332. 
the  Retina^  and  there  paints  the  Objects;  and  there¬ 
fore  Vifion  is  not  diftind:,  unlefs  by  Rays  which  are  parallel,  or 
nearly  fo ;  for  thofe  only  will  have  their  Focus  at  the  Bottom  of 
the  Eye:  Now  Rays  proceeding  from  any  Point  more  than  6 
Liches  diftant  from  the  Eye,  will,  when  they  enter  the  Pupil,  be 
very  nearly  co-incident  with  parallel  Rays;  and  therefore  to  a 
found  Eye  diftind  Vifion  cannot  be  effeded  at  lefs  than  6  or  8 
Inches  Diftance,  as  is  evident  to  any  who  tries  the  Experiment. 

Since  then  there  is  a  certain  and  determinate  Degree  of  Con¬ 
vexity  in  the  Cornea  and  Cryjlalline  Humour^  for  forming  the 
Images  of  Objeds  on  the  Retma ;  if  it  happens  that  the  Convexi¬ 
ty  of  thofe  Parts '  fliould  be  more  or  lefs  than  juft,  the  Focus  of 
Rays  will  fall  fhort  of,  or  beyond  the  Retina^  and  in  either  Cafe 
will  caufe  indiftind  Vilion.  The  firft  is  the  Cafe  of  fhort-fighted 
or  purblind  People,  the  latter  of  the  Aged. 

A  purblind  Perfon^  having  the  Convexity  of  the  Eye 
and  Cryftalline  Humour  too  great,  wdll  have  the  Rays  Exp.  333; 
united  in  a  Point  before  they  reach  the  Bottom'  of  the  . 

Eye,  and  confequently  the  Images  of  Objeds  will  be  form’d,  not 
upon  the  Retina.^  (as  they  fhould  be)  but  above  it '  in  the  Glafly 
Humour,  and  therefore  will  appear  indiftind  or  confufed. 
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This  Defed  of  the  Eye  is  remedied  two  Ways,  viz. 
Exp.^z^.  (i.)  By  diminifhing  the  Diftance  between  the  Objed 
and  the  Eye ;  for  by  leffcning  the  Diftance  of  the  Ob- 
jed,  the  Diftance  of  the  Focus  and  Image  will  be  increafed,  till 
it  falls  on  the  Retina.^  and  appears  diftind.  (2.)  By 
335*  applying  a  concave  Glafs  to  the  Eye;  for  fuch  a  Glals 
makes  the  Rays  pafs  more  diverging  to  the  Eye,  in 
which  Cafe  the  Diftance  of  the  Focus  will  be  alfo  enlarged,  and 
thrown  upon  the  Retbta.,  where  diftind  Vifton  will  enfue. 

He  NCE  the  Ufe  of  Co7tcave  SpeBacles  :  And  the  My- 
Exp.  336.  ops  or  purblind  Perfon,  who  ufes  them,  has  the  three 
following  Peculiarities,  viz.  (i.)  To  him  Objeds  appear 
nearer  than  they  really  are,  or  do  appear  to  a  found  Eye.  (2.)  The 
Objeds  appear  Icfs  bright,  or  more  obfeure,  to  them  than  to  other 
People,  becaufe  a  lefs  Quantity  of  Rays  of  Light  enter  the  Pupil. 
(3.)  Their  Eyes  grow  better  with  Age;  for  whereas  the  Fault  is 
too  great  a  Convexity  of  the  Eye,  the  Aqueous  Htmour.^  and  alfo 
the  Cryjlalli?ie^  wafting  with  Age  will  grow  flatter,  and  therefore 
more  fit  to  view  diftant  Objeds. 

The  other  Defed  of  the  Eyes  arifes  from  a  quite 
Exp.  237.  contrary  Caufe,  viz.  the  Cor^tea  and  Cryjlalline  Hu- 
7jwur  being  too  flat,  as  is  generally  the  Cafe  of  an  old 
Eye.  This  Defed  is  remedied  by  Co7wex  Le77fesy  fuch  as  are  the 
common  SpeBacles.,  and  Readmg  Glajfes.  For  flnee  the, Rays, 
in  thefe  Eyes,  go  beyond  the  Bottom  of  the  Eye,  before  they  come 
to  a  Focus,  or  form  the  Image;  a  convex  Glafs  will  make  the 
Rays  fall  more  converging  to  the  Pupil,  and  on  the  Humours,  by 
which  means  the  Focal  Diftance  will  be  fliorten’d,  and  adjufted 
to  the  Retma ;  where  diftind  Viflon  of  Objeds  will  then  be  ef- 
feded. 

By  convex  Spedacles  Objeds  appear  77iore  bright,  be- 
Exp.  338.  caufe  they  colled  a  greater  Quantity  of  Rays  on  the 
Pupil.  And  they  appear  at  a  greater  Diftance  than 
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they  are ;  for  the  nearer  the  Rays  approach  to  parallel 
more  diftant  the  Point  will  be  to  which  they  tend. 

I  HAVE  already  obferved,  that  if  the  Objed  be  placed 
nigher  to  the  convex  Glafs  than  its  Focus,  it  will  ap¬ 
pear  ered:  and  magnified ;  which  makes  them  of  fuch 
general  Ufe  as  Reading  Glajfes. 

If  an  Objed  be  placed  in  the  Focus  of  a  convex 
Lens,  the  Rays  which  proceed  from  it,  after  they  have 
pafs’d  through  the  Glafs,  will  proceed  parallel;  and 
therefore  an  Eye  placed  any  where  in  the  Axis  will  have  the  moft 
diftind  View  of  the  Objed  pofiible;  and  if  it  be  a  Lens  of  a  fmall 
Focal  Diftance,  then  will  the  Objed  appear  as  much  larger  as  it 
is  nearer,  than  when  you  view  it  with  the  naked  Eye.  And  hence 
their  Ufe  as  Microfcopes :  To  give  an  Inftance 

of  which,  fuppofe  the  Focal  Diftance  of  a  Lens  were  Exp.  341. 
one  Tenth  of  an  Inch,  then  will  the  Diameter  or  Length 
of  an  Objed  appear  60  times  larger  than  to  the  naked  Eye  at  fix 
Inches  Diftance:  Alfo  the  Superficies  of  an  Objed  will  be  3600 
times  larger and  the  whole  Magnitude  or  Bulk  will  be  216000 
times  larger  than  to  the  naked  Eye  it  will  appear  at  the  abovefaid 
Diftance. 

Compound  Microfcopes,  efpecially  the  common  Sort, 
are  conftruded  with  three  GlalTes,  viz.  the  Objed-Lens  Exp.  342. 
de.^  and  two  Eye-GlafTes  DE  and  GH.  The  Objed 
abc  being  placed  at  a  little  more  than  the  Focal  Diftance  from  the 
Lens  d will  have  its  Image  form’d  at  a  greater  Diftance  on  the 
other  Side,  and  proportionably  large,  as  at  M  N ;  which  large 
Image  is  contraded  into  one  ABC  fomewhat  lefs,  by  the  lower 
Eye-Glafs  D  E ;  and  this  Image  is  view’d  by  the  Eye 
through  the  upper  Eye-Glafs  G  H ;  where  it  alfo  di-  Exp.  343. 
ftindly  views  the  Micrometer  opq.,  paffing  over  a  mi¬ 
nute  Part  of  the  Image  in  m.eafuring  it.  But  what  is  farther  ne- 
ceflary  in  the  Theory  and  Strudure  of  thefe  Microfcopes  may  be 
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found  in  my  Micrographia  Nova^  together  with  a  large  Account, 
of  all  Kinds  of  Microfcopic  ObjeSis^  and  a  Defeription  of  the 
Solar  Microfeope.  Yet,  that  the  Reader  may  have  an  Idea  of  the 
two  new  Forms  of  Microfeopes  defcribeci  in  that  Book,  I  have  here 
annex’d  the  Plates,  viz.  of  the  Pocket  and  Universal  Micro¬ 
scope  refpe^tively. 

The  Telescope  is  of  two  Sorts,  viz.  Diopt?nc^  ox  RefraSiing^ 
or  Cata-Dioptricj  by  RefleSiion  and  RefraSiion  conjointly.  A 
refraEling  Telefcope  confifts  of  an  Objecl-Glafs  xz^  by 
Fig.  XLI.  which  the  Image  fd  of  an  Objed  OB,  at  a  diftance,  is 
form’d  in  the  Focus  e  of  the  faid  Glafs,  and  in  an  in¬ 
verted  Pofttion.  This  Image  may  be  view’d  by  a  hngle 
Exp.  344.  Lens  ah.,  placed  at  its  Focal  Diftance,  as  is  ufually  done 
for  viewing  tbe  heavenly  Bodies,  becaufe  in  them  we 
345.  regard  not  the  Polition :  But  for  viewing  Objeds  near 
us,  whofe  Image  we  would  have  ered,  we  muft  for 
that  Purpofe  add  a  fecond  Lens  p  y,  at  double  its  Focal  Diftance 
from  the  other,  that  the  Rays  which  come  from  a  b  may  crofs  each 
other  in  the  Focus  O,  in  order  to  ered  the  Image  which  it 
.will  form  in  its  own  Focus  m.^  becaufe  the  Rays  come  parallel  from 
the  firfl  Lens  a  b.  Laftly,  a  third  Lens  /  c  is  added,  to  view  that 
fecondary  Image  gn.  Thefe  three  Lenfes,  or  Eye- 
Exp.  346.  Glaffes,  are  ufually  of  the  fame  Size  and  Focal  Length ; 

and  the  Power  of  magnifying  is  always  as  the  Focal 
Length  of  the  ObjeEl-Glafs  e  w  divided  by  the  Focal  Length  of  the 
Fye-Glafs  Im  or  he.  For  inftance':  Suppofe  =  10  Feet  or 
120  Inches,  and  he  ox  Im  ^  3  Inches ;  then  will  the  Length  of 
the  Objed  appear  to  the  Eye  through  fuch  a  Telefcope  40  times 
larger  than  to  the  naked  Eye ;  and  its  Surface  will  be  magnified 
1600  times,  and  its  Bulk  or  Solidity  64000  times. 

If  inftead  of  a  co7tv'ex  Fye-Glafs  we  fhould  ufe  a 
Exp.  347,  concave  one  of  the  fame  Focal  Length,  it  would  repre- 
fent  the  Objed  ered,  equally  magnified,  and  more  di- 
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ftind  and  bright ;  but  the  Difadvantage  of  this  Glafs  is,  that  it 
admits  of  but  a  fmall  Area^  or  Field  of  View^  and  therefore  not 
to  be  ufed  when  we  would  fee  much  of  an  Objed:,  or  take  in  a 
great  Scope ;  but  it  is  ufed  to  great  Advantage  in  viewing  the  Pla¬ 
nets  and  their  Satellites^  Saturti s  Ring^  Jupiter  s  Belts^  &c.  This 
is  call’d  the  Galilea?^^  Telefcope^  from  Galileo^  the  Inventor,  and  is 
the  lirfl:  Sort  of  Telefcope  ever  made. 

The  Cata-dioptric  or  RefleEling  fPelefcope  is  the  moft 
noble  and  ufeful  of  all  others ;  the  Mechanifm  whereof  Fig>  XLII. 
is  as  follows:  ABEH  is  the  large  Tube  or  Body  of  the 
Inftrument,  in  which  B  E  is  a  large  refleding  Mirrour,  348. 
with  a  Hole  in  the  Middle  C  D.  This  Mirrour  receives 
the  Rays  ac^  hd^  coming  from  the  Objed  at  a  diftance,  and  re- 
fleds  them  converging  to  its  Focus  where  they  crofs  each  other, 
and  form  the  inverted  Image  I M.  xy  is  a  fmall  concave  Mirrour, 
whofe  Focus  i^  aty’,  at  a  fmall  Diftance  from  the  Image. 

By  this  means  the  Rays  coming  from  the  Image  are  re-  349- 
fleded  back  through  the  central  Hole  C  D  of  the  large 
Mirrour,  where  they  fall  on  the  plano-convex  Lens  350. 
W  X,  and  are  by  it  converged  to  a  Focus,  and  there 
form  a  fecond  Image  RS,  very  large  and  ered,  which 
is  view’d  by  a  Menifcus  Eye-Glafs  Y  Z  by  the  Eye  at  351. 
P,  through  a  very  fmall  Hole  in  the  End  of  the  Eye- 
Piece  Y  C  D  Z. 

If  the  firft  Lens  WX  were  taken  away,  the  Image 
would  be  form’d  fomewhat  larger  at  Mg ;  but  the  A-  352- 
rea^  or  Scope^  would  be  lefs,  and  therefore  the  View 
not  fo  pleafant.  At  T  V  is  placed  a  circular  Piece  of  Brafs,  with 
a  Hole  of  a  proper  Size  to  circumfcribe  the  Image,  and  cut  oft 
all  fiiperfluous  or  extraneous  Rays,  that  fo  the  Objed  may  appear 
as  diftind  as  poflible. 

As  the  Image  is  form’d  by  Refledion,  the  Rays  of  every  Sort 
will  be  united  nearly  in  one  Point,  and  will  therefore  admit  of 
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an  Eye-Glafs  Y  Z  of  a  deep  Charge,  or  fmall  Focal  Di- 
Exp.  353.  fiance ;  and  fo  the  Power  of  magnifying  will  be  pro¬ 
portionally  greater ;  for  it  will  be  in  a  Proportion  com¬ 
pounded  of  ^  and  if  only  one  Eye-Glafs  Y  be  iifed.  Thus,.  ■ 
in  Numbers,  fuppofe  Qj  =  12  Inches,  ^G  =  3,5  ;  Gi  =  18,  and 

kt  r  ;  then  will  —  x  =  ro  nearly :  whence  by  fuch 

’  3’5  I  3^5  ^  ^  \ 

a  Telefcope  the  Length  of  an  Objedl  will  be  magnified  50  times, 
the  Surface  2500  times,  and  the  Solidity  123000  times;  yet  the 
.Telefcope  not  above  20  Inches  long;  an  Effed:  equal  to  that  of 
a  refrading  Telefcope  16  Feet  in  Length. 

As  to  the  Camera  Obfcura^  and  Magic  Lanthorn^ 
Exp.  ^54..  they  both  perform  their  Effeds  by  a  fingle  Lens;  the 
former  being  only  the  Objed-Glafs  of  a  long  Telefcope 
applied  in  a  Scioptric  Ball  to  the  Hole  of  a  Window-Shutter,  in 
a  darken’d  Room ;  which  gives  a  lively  Pidure  of  all  the  Objeds 
which  lie  before  it,  in  true  Perfpedive,  but  in  an  inverted  Poji- 
tion.,  on  a  white  Sheet  or  Plane  held  at  the  Focal  Diftance  of  the 
faid  Glafs :  And  on  the  other  hand,  the  Magic  Lant- 
355-  horn  is  only  a  large  convex  Lens,  with  a  Ihort  Focal 
Diftance,  which  by  being  placed  at  a  proper  Diftance 
from  fmall  tranfparent-colour’d  Pidures  or  Figures,  forms  a  large 
and  furprizing  Image  thereof  at  a  great  Diftance;  in  order  to 
which,  it  is  neceftary  to  illuminate  them  very  ftrongly  with  the 
Light  of  the  Candle  thrown  on  them  by  another  very  large  a7td 
very  C07wex  Lens. 

The  Solar  Microfcope  is  of  the  fame  Kind  with  the 
Exp.  356.  Magic  Lanthor77 ;  only  here  the  Objeds  are  very  fmall, 
and  ftrongly  enlighten’d  by  the  Sun  through  a  concave 
Lens ;  they  are  alfo  magnified  by  a  fmall  Lens,  of  a  very  fhort 
Focal  Diftance,  that  the  Images  may  be  thrown  large  and  diftind- 
ly  on  the  oppofite  Wall  of  a  darken’d  Room:  Which,  if  well 
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perform  d,  is  one  of  the  moft  exqnifitely  curious  and  moft  de¬ 
lightfully  furprizing  Effeds  that  are  polTible  to  be  produced  by 
•any  Optical  Inftrument  whatfoever. 


LECTURE  XI. 


The  Co  PERNicAN  or  Solar  System  ex¬ 
plain’d  by  the  Or  r  e  r  y  and  Cometarium. 

I  SHALL  in  this  Lecture  endeavour  to  exhibit  to  you  a 
a?id  natural  Idea  of  the  Mundane  or  Solar  Syjie7n^  that  is, 
the  Syflem  of  the  World;  confifting  of  the  Sun\  Pri¬ 
mary  Planets^  and  their  Secondaries^  or  Moons ;  the  Comets ;  and 
the  Fixed  Stars ;  according  to  the  Hypothehs  of  Pythagoras  a- 
mong  the  Ancients,  and  revived  by  Copernicus :  Which  Syflem  is 
fully  prov^ed,  and  eftablifh’d  on  the  jufteft  Reafoning,  and  Phyli- 
cal  and  Geometrical  Conclulions,  by  all  our  modern  Aftronomers. 

The  moft  celebrated  Hypothefes,  or  Syflems  of  the  World,  are 
three,  viz,  (i.)  The  Ptolomean^  invented  by  Ptolomy,^  an  antient 
Egyptian  Philofopher,  which  affigns  fuch  Pohtions  and  Motions 
to  the  heavenly  Bodies,  as  they  appear  to  the  Senfes  to  have. 
(2.)  The  Tychonic  Syjlem,^  or  that  of  the  Noble  Danijh  Philofo¬ 
pher,  Tycho  Brahe,  (3.)  Tht  Pythagorean^  Copemican^  ox  Solar 
Syjle?n,,  above-mention’d.  Of  all  which  in  Order. 

The  Ptolotnean  Syflem  fuppofcs  the  Earth  immoveably  fix’d  in 
the  Center,  not  of. the  World  but  of  the  Univerfe\  and 

that  the  Sun,^  the  Moon^  the  Planets,,  and  Stars,,  all  moved  about  it 
from  Eafl  to  We[l  once  in  twenty-four  Hours,  in  the  Order  fol¬ 
lowing,  viz,  the  Moon,,  Mercury,  V enus,  the  Sun,  Mars,  Jnpi- 

ter, 
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ter^  Saiuniy  the  Fix\l  Stars ;  and,  above  all,  the  Figment  of  their 
Primum  Mobile^  or  the  Sphere  which  gave  Motion  to  all  the  reft. 
But  this  w^as  too  grofs,  and  abfurd,  to  be  received  by  any  learned 
Philofopher,  after  the  Difcoveries  by  Obfervations  and  Inftruments 
which  acquaint  us  witli  divers  Phaenomena  of  the  heavenly  Bo¬ 
dies,  altogether  inconftftent  with,  and,  in  fome  Things,  exadly 
contradiftory  to,  fuch  an  Hypotheiis ;  as  will  be  fhewn  by  the 
Arguments  adduced  to  prove  the  Truth  of  the  Ccpenncan  Syjlem. 

The  Tychonic  Syjlem  fuppofed  the  Earth  in  the  Center  of  the 
World,  that  is,  of  the  Firmament  of  Stars,  and  alfo  of  the  Orbits 
of  the  Sun  and  Moon ;  but  at  the  fame  time  it  made  the  Sun  the 
Center  of  the  Planetary  Motions,  viz.  of  the  Orbits  of  Mercury^ 
V 67211  Sy  MarSy  Jupiter y  and  Saturn.  Thus  the  Sun,  with  all  its 
Planets,  was  made  to  revolve  about  the  Earth  once  a  Year,  to  folve 
the  Phceno777eTia  ariftng  from  the  a7i7iual  Motion ;  and  the  Earth 
about  its  Axis  from  Weft  to  Eaft  once  in  24  Hours,  to  account 
for  thofe  of  the  diur7ial  Motio7t.  But  this  Hypothejis  is  fo  mon- 
ftroufly  abfurd,  and  contrary  to  the  great  Simplicity  of  Nature, 
and  in  fome  refpedls  even  contradidlory  to  Appearances,  that  it 
obtain’d  but  little  Credit,  and  foon  gave  way  to 

The  Coper77ica7t  Syjietn  of  the  World,  which  fuppofes  the  Sun 
to  poffefs  the  central  Part ;  and  that  about  it  revolve  the  Planets 
and  Co77iets  in  different  Periods  of  Time,  and  at  different  Di- 
ftances  therefrom,  in  the  Order  following,  viz. 

I.  Mercury,  at  the  Diftance  of  about  32  Millions  of  Miles, 
revolves  about  the  Sun  in  the  Space  of  87  Days,  2  3  Hours,  and 
16  Minutes. 

II.  Ve  Nus,  at  the  Diftance  of  59  Millions  of  Miles,  in  224 
Days,  16  Hours,  49  Minutes. 

III.  The  Earth,  at  the  Diftance  of  about  82  Millions  of  Miles, 
in  365  d.  6  h.  9  m.  or  Sydereal  Year. 

IV.  Ma  Rs,  at  the  Diftance  of  123  Millions  of  Miles,  in  686d. 
2311.  27m.  or  I  Year,  321  d.  lyh.  i8m. 
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V.  Jupiter,  at  the  Diftance  of  424  Millions  of  Miles,  in  4332 
Days,  12  h.  20  m.  or  almoft  12  Years. 

VI.  Saturn,  at  the  Diftance  of  777  Millions  of  Miles,  in 
10759  d.  6  h.  36  m.  or  nearly  30  Years. 

VII.  The  Comets,  in  various  and  vafty  eccentric  Orbits,  re¬ 

volve  about  the  Sun  in  different  Situations  and  Periods  of  Time, 
as  reprefen  ted  in  the  Scheme  of  Mr.  Solar  Syflem. 

These  are  all  the  heavenly  Bodies  yet  known  to  circulate  about 
the  Sun,  as  the  Center  of  their  Motions ;  and  among  the  Planets, 
there  are  three  which  are  found  to  have  their  fecoijdajy  Pla^tetSy 
Satellites^  or  Moons^  revolving  conflantly  about  them,  as  the  Cen¬ 
ters  of  their  Motions,  viz. 

The  Earth,  which  has  only  one  Moon  revolving  about  it,  in 
27  d.  7  h.  43  m.  at  the  mean  Diftance  of  about  240000  Miles. 

Jupiter  is  obferved  with  a  Telefcope  to  have  four  SatelliteSy 
vyhich  move  about  him  in  the  Times  and  Diftances  following,  viz. 

The  Firjl  in  i  d.  i8h.  27  m.  at  the  Diftance  of  5-^  Semidia¬ 
meters  of  yupiter\  Body  from  his  Center,  as  meafured  with  a 
Micrometer. 

Tyly.  Second  \v\.  3d.  i3h.  13m.  at  the  Diftance  of  9  Semi¬ 
diameters. 

The  Idhird  in  yd.  3  h.  42  m.  at  the  Diftance  of  14^  Semidi¬ 
ameters. 

The  Fourth  in  16  d.  16  h.  32  m.  at  the  Diftance  of  25  ^  Se- 
midiameters. 

Saturn  has  jive  Moons and  beftdes  them  a  ftupendous  Ring 
furrounding  his  Body,  whofe  Width  and  Difiance  from  Satur7i\ 
Body  are  equal,  and  computed  at  upwards  of  20000  Miles.  The 
Periodical  Times  and  Diftances  of  the  Saturnia?i  Moons,  in  Semi¬ 
diameters  of  the  Ring,  are  as  follow. 

The  Firfi.,  or  inmoft,  revolves  about  Saturn  in  id.  21  h. 
1 8  m.  at  the  Diftance  of  near  2  Semidiameters  of  the  Ring. 

The  Second  in  2  d.  17  h.  41  m.  at  theDift.  of  2f  Semidiameters. 

-  ,  The 


p8  T'he  Solar  System  explain'd 

of  them  be  fometimes  much  nearer  to  the  Earth  than  at  others  \ 
the  Confequence  of  which  is,  that  their  Brightnefs  and  Splendor, 
and  alfo  their  apparent  Diameters^  will  be  proportionally  greater 
at  one  Time  than  another :  And  this  we  obferve  to  be  true  every 
Day.  Thus  the  apparent  Diameter  of  V eitus^  when  greateft,  is 
near  66  Minutes,  but  when  leaft  not  more  than  9  Minutes  and  a 
half ;  of  Mars^  when  greateft,  it  is  21  Minutes,  but  when  leaft 
no  more  than  2  Minutes  and  a  half;  whereas  by  the  Ptolomean 
Hypothefis  they  ought  always  to  be  equal. 

XII.  The  fifth  is,  That  when  the  Planets  are  view’d  with  a 
good  Tclefcope  they  appear  with  different  Phafies^  or  with  diffe¬ 
rent  Parts  of  their  Bodies  enlighten’d.  Thus  enus  is  fometimes 
new^  then  horned^  after  that  dichotomized^  then  gibbous^  after¬ 
wards  full ;  and  fo  increafes  and  decreafes  her  Light,  in  the  fame 
manner  as  the  Moon,  and  as  the  Copernican  Syfiem  requires. 

XIII.  The  fixth  is.  That  the  Planets,  all  of  them,  do  fome¬ 
times  appear  direSi  in  Motion,  fometimes  retrograde^  and  at  other 
times  Jlationary.  Thus  V enus ^  as  fhe  paffes  from  her  greateft  E- 
longation  Weft  ward  to  her  greateft  Elongation  Eaftward,  will  ap¬ 
pear  direSi  in  Motioti^  but  retrograde  as  lheq:)afles  from  the  latter 
to  the  former ;  and  when  Ihe  is  in  thofe  Points  of  greateft  Diftance 
from  the  Sun,  fhe  feems  for  fome  time  filatioiiary :  All  which  is 
neceffary  upon  the  Copernican  Hypothefis^  but  cannot  happen  in 
any  other. 

XIV.  The  fieveiith  is.  That  the  Bodies  of  Mercury  and  V enus y 
in  their  lower  Conjundlions  with  the  Sun,  are  hid  behind  the  Sun  s 
Body ;  and,  in  the  upper  Conjundlions,  are  feen  to  pafs  over  the 
Sun’s  Body  or  Difk  in  form  of  a  black  round  Spot :  Which  is  ne- 
ceflary  in  the  Copernican^  but  impoffible  in  the  Ptolomean  Syftem. 

XV.  The  eighth  is,  That  the  Times  in  which  th^kConjiinSlionSy 
Oppofitions^  Statio?'iSy  and  Retrogradatio7ts  of  the  Planets  happen, 
are  not  fuch  as  they  would  be,  were  the  Earth  at  Reft  in  its  Or- 
bit ;  but  precifely  fuch  as  would  happen,  were  the  Earth  to  move,, 

and 
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and  all  the  Planets  in  the  Periods  above  affign’d  them:  And 
therefore  this^  and  no  other ^  can  be  the  true  Syftem  of  the  World  \ 
and  it  will  ftand  the  eternal  Teft  of  future  Ages,  for.  Mighty 
IS  THE  Force  of  Truth,  and  shall  prevail. 

But  though  the  Planets  all  move  round  the  Sun  in  Orbits  com¬ 
monly  fuppofed  circular^  yet  are  they  not  exadily  fo,  but  ellipti¬ 
cal^  or  in  form  of  an  Ellipsis,  which  Figure  is  vul¬ 
garly  call’d  an  Oval^  as  A  B  P  D,  defcribed  about  two  F/g-.XLIII. 
Centers  S,  F,  call’d  the  Fociy  or  Focal  Points  of  the 
Ellipfe.  The  Point  C  is  the  Center;  AP  the  Axis,  or  longeft 
Diameter ;  and  B  D  the  Ihorteft  Diameter :  And  in  one  of  thefe 
Focus’s,  viz,  S,  the  Sun  is  placed,  about  which  the  Planet  moves 
in  the  Orbit  A  B  P  D. 

H  ENCE,  when  the  Planet  is  in  the  Point  P,  it  is  nearefl;  the  Sun, 
which  Point  is,  for  that  Reafon,  call’d  t]\QPerihelio?t :  Here,  there¬ 
fore,  the  Attraction  of  the  Sun  is  ftrongeft,  his  Light  and  Heat 
greateft,  and  his  apparent  Diameter  largeft ;  and  in  this  Point  the 
Planet  muft  confequently  move  with  the  greateft  Velocity.  But  in 
the  Point  A,  where  the  Planet  is  fartheft  diftant  from  the  Sun,  (for 
that  Reafon  call’d  the  Aphelion )  every  thing  is  juft  the  reverfe : 
And  in  the  Points  B  or  D  it  is  in  its  mean  Diftance  from  the  Sun. 

Now  though  the  Planetary  Orbits  are  really  elliptical,^  yet  is  the 
Fcce7itricity  CS,  in  moft  of  them,  fo  extremely  frnall,  as  to 
be  almoft  infenftble ;  and  therefore  their  Motions  may  be  look’d 
upon  as  circular,^  and  as  fuch  reprefented  in  Orreries  and  Dia¬ 
grams,  without  any  fenftble  Error. 

The  Orrery  is,  therefore,  an  adequate  Reprefentation  of  the 
True  Solar  System,  and  gives  a  juft  Idea  of  the  Number,^  Mo¬ 
tions,,  Order,,  and  Pofitions  of  the  heavenly  Bodies :  But  the  Pro¬ 
portion  of  Magnitude  and  Difances  of  the  Planets  is  not  to  be 
expeCled  from  the  Orrery,  but  by  Delineation,  as  in  Mr.  Whiflo?i\ 
Solar  Syfem ;  where  the  feveral  Orbits  of  the  Planets  are  laid 
down  in  their  proportional  Diftances  from  the  Sun ;  and  their 
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Magnitudes  comparatively  with  each  other,  and  with  that  of  the 
Sun,  exprefs’d  by  the  outmofi:  Circle  of  the  Scheme. 

The  principal  Ufe  of  the  Orrery  is  to  render  the  Theory  of  the 
Eai^th  and  the  Mooit  eafy  and  intelligible ;  and  to  evidence  to  our 
Senfes  how  all  thofe  Appearances  happen,  which  depend  on  the 
annual  or  diurnal  Rotatioit  of  the  Earthy  and  the  monthly  Revo¬ 
lutions  of  the  Moon :  As,  the  Variety  of  Seafons,  the  Viciffitudes 
and  various  Lengths  of  Days  and  Nights,  the  Manner  of  Solar 
and  Lunar  Eclipfes,  the  various  Phafes  of  the  Moon, 

In  my  Orrery^  which  is  of  a  peculiar  and  moft  elegant  Stru¬ 
cture,  the  Earth  in  its  annual  Motion  pafles  round  by  a  Circle,  on 
which  is  engraved  the  Calendar^  and  the  Ecliptic ;  and  the  Plate 
which  carries  the  Earth  about  has  an  Index  on  the  oppofite  Part 
from  the  Earth,  to  fhew  the  apparent  Place  of  the  Sun  in  the 
Ecliptic^  for  every  Day  of  the  Year;  and  one  Turn  of  the  Winch 
carries  the  Earth  once  round  its  Axis,  and  the  faid  Index  over  the 
Space  of  one  Day  in  the  Calendar :  So  that  by  this  means  the  true 
Place  of  the  Earth,  and  the  apparent  Place  of  the  Sun,  alfo  the 
Place  and  Phafes  of  the  Moon,  may  be  readily  fhewn  for  any 
Day  required. 

The  Orrery-Party  containing  the  Wheel-JVorky  is  placed  with¬ 
in  a  large  and  moft  beautiful  Armillary  Sphere,  which  turns 
about  upon  its  Axis,  with  a  fairly-engraved  and  ftlver’d  Horizon, 
which  is  alfo  moveable  every  way  upon  a  moft  elegant  Brafs  Sup¬ 
porter,  with  four  Legs  richly  wrought ;  at  the  Bottom  of  which 
is  a  noble  large  filver’d  Plate,  with  a  Box  and  Needle,  and  Com¬ 
pass,  with  the  Names  of  all  the  Points  finely  engraven  in  Words 
at  Length.  The  Circles  of  the  Sphere  are  as  follow. 

The  Equinoctial,  which  divides  the  Sphere  into  two  Parts, 
viz.  the  Northern  and  the  Southern  Hetnifphere ;  and  is  fo  call’d, 
becaufe  when  the  Sun  comes  to  pafs  over  it,  (as  it  does  twice  eve¬ 
ry  Year)  the  Days  and  Nights  are  then  equal.  This  Circle  is  di¬ 
vided 
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vided  into  360  Degrees,  call’d  the  Right  Jtfcenfton  of  the  Sun  or 
Stars. 

The  Ecliptic  is  that  great  Circle  which  reprefents  the  appa^ 
rent  annual  Path  of  the  Sun  through  the  Heavens.  It  is  divided 
into  12  e(^ual  Parts  call  d  conlifling  of  Degrees  each  j 

whofe  Names  and  CharaEiers  are  as  follows,  i .  Aries^  the  Ram,  r ; 
2.  Taurus^  the  Bull,  >6  \  3.  Gemmi^  the  Twins,  n;  4.  Cancer^ 
the  Crab,  s  ;  5.  Leo^  the  Lion,  si  ;  6.  Firgo^  the  Virgin,  ; 
7.  Libray  the  Scales,  ;  8.  Scorpioy  the  Scorpion,  111.  ;  9.  Sagit¬ 
tarius  y  the  Bowman,  10.  Capricorriy  the  horned  Goat,  ; 
II.  Aquarius y  the  Waterer,  ;  12.  PifceSy  the  Filhes,  k*  The 

Ecliptic  interfedls  the  EquinoEiial  in  the  Beginning  of  Aries  and 
LibrUy  in  an  Angle  of  23  Degrees,  29  Minutes.  In  this  Circle 
the  Longitude  of  the  heavenly  Bodies  is  reckon’d.  The  Ecliptic 
is  the  Middle  of 

The  Zodiac,  which  is  a  broad  filver’d  Zo7tey  encompa/Ting  the 
Sphere  to  five  Degrees  on  each  Side  the  Ecliptic ;  fo  call’d  from 
the  Figures  of  the  feveral  Anwialsy  or  Conjlellations  of  the  SigfiSy 
with  which  it  is  adorned  and  embellifli’d.  This  Zone  compre¬ 
hends  within  it  the  Paths  or  Orbits  of  all  the  Planets, 

The  Meridian  is  a  great  Circle  palling  through  the  PoleSy  and 
cutting  the  Equino&ial  at  Right  Angles ;  fo  call’d,  becanfe  when 
the  Sun  is  upon  any  Meridian,  it  makes  the  Mer idles y  Mid-Day, 
or  Noon,  to  all  Places  under  it.  Of  thefe,  there  is  one  call’d 

The  General  Meridian,  within  which  the  whole  Sphere 
turns,  and  upv^n  which  are  engraven  the  Degrees  of  Latitudey  be¬ 
ginning  and  proceeding  each  way  from  the  Equinodfial  to  the 
Poles.  To  this  Circle  the  Sphere  is  fufpended  ;  and  being  move- 
able  within  the  Florizon,'  the  Sphere  may  be  elevated  or  reEiified 
for  the  Eatitude  of  a7iy  Place, 

The  Horizon  is  that  broad  lilver’d  Frame,  or  Circle,  which 
contains  the  whole  Machine,  moveable  every  way  within  it.  It  is 
fo  call’d  becaufe  it  bounds  our  Sight  in  the  Heavens,  and  divides 

the 
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the  Sphere  into  the  upper  and  lower  Hemifphere.  Upon  this  Cir¬ 
cle  are  curioufly  engraven  the  Ecliptic  Signs  and  the  Calendar ^ 
for  readily  finding  the  Sun’s  Place  for  any  given  Day  or  Time. 
On  this  Circle  is  alfo  reckon’d  the  Amplitude  of  the  Sun,  &c. 

ThE' Points  where  the  Ecliptic  interfedls  the  Equinodial  are 
call’d  the  EqumoEiial  Points^  or  Equinoxes,  becaufe  when  the 
Sun  is  in  them,  the  Days  a7td  Nights  are  equal.  As  the  Sun  is  in 
one  of  them  in  the  Spri72g^  it  is  call’d  the  N ernal  Equinox ;  and 
in  the  other  at  Autu7n7t.^  it  is  call’d  the  Autunmal  Equinox. 

The  Beginning  of  Cancer  and  Capricorn  are  call’d  the  Soljli- 
tial  Points^  or  the  Solstices  ;  wvhich  is  as  much  as  to  fay,  the  Sta¬ 
tions  of  the  Sun^  becaufe  when  the  Sun  is  in  thofe  Points,  he  feems 
fationary.,  or  not  to'7nove  for  fome  Days:  The  firft  is  the  Su7n- 
77ier., '  the  other  the  Winter  Solfice. 

The  Meridians  which  pafs  through  the  Points  above-mention’d 
are  call’d  the  EqumoEiial  and  Solfitial  Colures  refpedlively. 
They  divide  the  Sphere  into  four  Quarters ^  in  the  Middle  of  the 
four  Seafons  of  the  Year. 

The  Lefler  Circles  of  the  Sphere  are  the  Tropics  and  Polar 
Circles  ;  which  are  all  parallel  to  the  Equinodlial,  and  are  two 
on  either  Side.  The  Norther77  Tropic  is  that  of  Cancer'^  the 
Souther77^  that  of  Capricorn ;  as  pafling  through  the  Beginning  of 
thofe  Signs.  They  are  diftant  from  the  Equino(d:ial  23  Degrees, 
29  Minutes,  and  include  that  Space  or  Part  of  the  Sphere  which 
is  call’d  the  Torrid  Zo77e  on  the  Terreftrial  Globe,  becaufe  the  Sun 
is  at  one  Time  or  other  perpendicular  over  every  Part,  and  extreme¬ 
ly  torrifies  or  heats  it. 

Within  23  Deg.  29  Min.  of  each  Pole  lie  Polar  Circles  \ 
of  which  that  about  the  North  Pole  is  call’d  the  ArEiic  Circle.,  be¬ 
caufe  of  the  Conftellation  of  the  Bear  in  that  Part ;  and  the  other 
about  the  South  Pole,  the  AntarElic  Circle.  They  include  thofe 
Spaces  which  are  call’d  the  Frigid  Zo7ies,  by  reafon  of  the  intenfe 
Cold  which  reigns  in  thofe  Regions  the  greateft  Part  of  the  Year. 

Thofe 
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Thofe  Spaces  which  lie  between  the  Tropics  and  Polar  Circles,  on 
either  Side,  are  call’d  the  Te^nperate  Zones ^  as  enjoying  a  mean  or 
model  ate  Degree  of  Heat  and  Cold. 

The  Circles  above  are  effential  to  the  Sphere;  befides  which 
there  is  the  ^adrant  of  Altitude^  for  fhewing  the  Height  of  any 
Luminary  above  the  Horizon ;  and  a  large  and  moll:  beautiful  Ho¬ 
rary  Circle  and  Index^  fhewing  the  Time  correfponding  to  the 
Motion  of  the  Sphere :  Alfo  the  Solar  Labels  for  fixing  the  Sun 
to  its  proper  Place  in  the  Ecliptic, 

It  is  eafy  to  conceive,  that  the  Sun  will  always  enlighten  one 
Half  of  the  Earth ;  and  that  when  the  Sun  is  in  the  Equinodial, 
the  Circle  which  terminates  the  enlighte?!  d  and  darkeri  d  Hemi- 
fpheres  (which  is  call’d  the  Circle  of  lllummation )  will  pafs  thro’ 
the  Poles  of  the  Earthy  and  alfo  divide  all  the  Parallels  of  Lati¬ 
tude  into  two  equal  Parts.  But  fince  the  Earth  moves  not  in  the 
Plane  of  the  EquinoElial^  but  that  of  the  Ecliptic,^  the  Axis  of 
the  Earth  will  be  inclined  to  that  of  the  Ecliptic  in  an  Angle  of 
23  Deg.  29  Min.;  and  therefore  the  Circle  of  lllmninatio7i  will, 
at  all  other  Times,  divide  the  Parallels  of  Latitude  into  two  un¬ 
equal  Parts. 

Now  fince  any  Parallel  is  the  Path  or  Trad:  which  any  Place  there¬ 
in  defcribes  in  one  Revolution  of  the  Earth,  or  24  Hours;  therefgi'e 
that  Part  of  the  Parallel  which  lies  in  the  e7tlighte7i  d  He77iifphere 
will  reprefent  the  Diur7ial  Zlrch^  or  Length  of  the  Day ;  and  that 
Part  in  the  dark  Hpfiifphere  will  be  the  NoEiurtial  Arch^  ox  Length 
of  the  Nighty  in  that  Parallel  of  Latitude. 

Hence,  when  the  Orrery  is  put  into  Motion,  the  Earth  moving 
with  its  Axis  always  parallel  to  itfelf  yet  always  mclined  to  the 
Pla77e  of  the  Eclipticy  will  fometirnes  have  the  Northern  Parts 
turn’d  more  diredly  to  the  Sun,  and  moft  enlighten’d;  and  at 
other  times  the  Southern  Parts  will  be  fo.  Hence  various  Altera¬ 
tions  of  Heat  and  Coldy  and  Length  of  Days  a?id  NightSy  will 
enfue  in  the  Courfe  of  the  Revolution  of  the  Earth  about  the 

Sun, 
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Sun,  which  will  conftitute  all  the  V ariety  of  Scafons^  as  will  mofl: 
naturally  and  evidently  be  fhewn  in  the  Orrery,  as  follows. 

We  will  hrfl:  give  the  Earth  Motion  in  the  firfl;  Point  of  Libra  \ 
the  Sun  will  then  appear  to  enter  Aries^  and  this  will  be  the  Ver¬ 
nal  Lqimiox  \  for  now,  the  Sun  being  in  the  EquinoElial^  all  Parts 
of  the  Earth  will  be  equally  enlighten’d  from  Pole  to  Pole,  and 
all  the  Parallels  of  Latitude  divided  into  two  equal  Parts  by  the 
Circle  of  Illumination.  Hence  the  Days  and  Nights  will  be  equal, 
and  the  Sun’s  Pleat  is  now  at  a  Mean  between  the  greateft  and  the 
leaft :  All  which  Particulars  conftitute  that  agreeable  Seafon  we 
call  the  Spring  ;  the  Middle  of  which  is  fhewn  by  the  Index  to  be 
the  11  th  of  March. 

As  the  Earth  paftes  on  from  Weft  to  Eaft,  through  Libra., 
Scorpio,  and  Sagittarius,  to  the  Beginning  of  Capricorn,  the 
Sun  will  appear  from  the  Earth  to  move  through  the  oppoftte  Signs 
of  the  Ecliptic,  viz.  Aries,  Taurus,  Gemini,  to  the  Beginning  of 
Cancer',  during  which  Time,  by  the  inclined  Polition  of  the 
Earth’s  Axis,  the  Northern  Parts  will  be  gradually  turn’d  towards 
the  Sun,  and  the  Southern  Parts  from  it ;  whence  the  Sun’s  Rays 
will  fall  more  and  more  diredlly  on  the  former,  and  pafs  through 
a  ftill  lefs  Quantity  of  the  Atmofphere  ;  but  in  the  Southern, 
Parts,  the  reverfe.  Alfo  in  the  Northertt  Parts  the  Arches  of  the 
Parallels  in  the  C7tlighte7t  d  Hettiifphere  will  continually  increafe, 
and  thofe  in  the  dark  one  decreafe,  Brewing  the  conftant  Increafe 
of  the  Days,  and  Decreafe  of  the  Nights:  All  which  will  be  in 
their  greateft  Degree  when  the  Sun  is  arrived  to  Ca77cer\  and 
therefore  that  will  be  the  Middle  of  that  Seafon  we  call  Summer, 
in  Northern  Latitude ;  but  in  Southern  Latitude  every  thing  will 
be  the  reverfe,  and  their  Seafon  Winter  I 

The  North  Frigid  Zo?ie  is  now  wholly  enlighten’d,  and  the 
Pole  turn’d  towards  the  Sun  as  far  as  poflible ;  but  now  as  the 
Earth  moves  on,  the  North  Pole  returns,  the  Diurnal  Arches  be¬ 
gin  gradually  to  decreafe,  and  the  Nodurnal  to  increafe ;  and  of 
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confcquence  the  Sun’s  Rays  fall  more  and  more  obliquely,  and 
his  Heat  proportionally  diminilLes  till  the  Earth  comes  to  ArieSy 
when  the  Sun  will  appear  in  Libra ;  and  thus  produce  an  Equa¬ 
lity  of  Light  and  Heat,  of  Day  and  Night,  to  all  Parts  of  the 
World.  -  This  will  be  the  Middle  of  the  Seafon  call’d  Autumn, 
and  that  Day,  the  Autum7tal  Equinox. 

But  as  the  Earth  goes  on  through  Aries y  Taurus y  and  Ge^nmiy 
you  will  fee  the  Sun  pafs  through  the  oppoflte  Signs  of  LibrUy 
Scorpioy  Sagittarius.  The  North  Pole  is  now  in  the  dark  Hemi- 
fphere,  and  the  Frigid  Zone  is  now  more  and  more  obfcured  there¬ 
in  :  All  Northern  Latitudes  continue  gradually  turning  from  the 
Sun ;  and  his  Rays  fall  more  and  more  obliquely  on  them,  and 
pafs  through  a  larger  Body  of  the  Atmofphere :  The  7wEiurnal 
Arches  continue  to  increafe,  and  the  diur72al  to  decreafe :  All  which 
contribute  to  make  the  difmal  dreary  Seafon  we  call  Winter;  the 
Midft  whereof  is  iliewn  by  the  Sun’s  entering  the  firft  Scruple  of 
Capricorn  on  the  loth  of  DeceTnbery  as  by  the  Index  may  be  feen. 

Lastly  :  As  the  Earth  journeys  on  from  thence  through  Ca7t- 
cery  LeOy  and  VirgOy  the  Sun  appears  to  pafs  through  Capricorny 
AquariuSy  and  PiJ'ceSy  and  all  Things  change  their  Face.  The 
Norther77  Climes  begin  to  return,  and  receive  more  diredily  the 
enlivening  Beams  of  the  Sun,  whofe  Meridian  Height  does  now 
each  Day  increafe ;  the  Days  now  lengthen,  and  the  tedious  Nights 
contract:  their  refpedlive  Arches ;  and  every  thing  confpires  to  ad¬ 
vance  the  delightful  Seafon  of  the  Spring,  the  Midft  whereof  is 
fhewn  by  the  Earth’s  returning  again  to  that  Point,  where  firft  we 
gave  it  Motion. 

All  thefe  Appearances  of  the  Seafons,  &c.  are  fliewn  as  well 
for  the  Souther 71  Latitudes y  where  at  the  fame  Time  they  happen 
in  Order  juft  the  reverfe  to  what  we  have  now  obferved  for  the 
Northern.  Thus,  when  it  is  Su77t77ter  with  us,  it  is  W i77ter  with 
them,  and  they  have  their  Days  Ihorteft  when  ours  are  longeft; 

and  vice  verfa.  All  which  is  moft  diftindly  feen  in  the  Orrery. 

p  At 


105  The  Solar  System  explain'd 

At  the  fame  Time  the  Earth  is  going  round  the  Sun,  the  Moon 
is  fcen  conftantly  circulating  round  the  Earth  once  in  29  Days  and 
a  half;  which  Days  are  number’d  on  a  filver’d  Circle,  and  fhewn 
by  an  Index  moving  over  them.  Thus  each  Day  of  .the  Moon’s 
Age,  and  the  Phafis  proper  thereto,  are  fhewn  for  any  required 
Time ;  and  alfo  why  we  fee  always  o?ie  and  the  fame  Face  of  the 
Moon^  viz.  on  account  of  her  turning  about  her  owit  Axis  in  the 
fame  Fitne  fe  takes  to  revolve  about  the  Farth. 

Again  :  By  placing  a  Lamp  in  the  Orrery,  and  making  the 
Room  dark,  we  fee  very  naturally  how  the  Su?i  is  eclipfed  by  the 
New  Moon,  and  the  Shadow  palling  over  the  Dilk  of  the  Earth  ; 
and  alfo  how  the  Moon,  at  Full,  is  eclipfed  by  pafling  through 
the  Shadow  of  the  Earth.  Here  alfo  we  fee  the  Manner  how  Mer¬ 
cury  and  Venus  tranlit  the  Sun’s  Face  in  form  of  a  dark  round 
Spot ;  and  alfo  why  they  can  never  appear  at  a  great  Diftance  from 
the  Sun ;  and  various  other  Phaenomena^  of  the  like  Nature. 

The  Cometarium  is  a  very  curious  Machine,  which  exhibits  an 
Idea  of  the  Motion  or  Revolution  of  a  Comet  about  the  Sun ;  and 
as  this  Sort  of  Motion  is  not  perform’d  in  circidar^  but  very  ellip¬ 
tic  Orbits^  fo  in  this  Inflrument,  a  peculiar  Contrivance  by  ellip¬ 
tical  Wheels  is  necclfary  to  effed:  it;  which  as  a  great  Curiolity 
will  be  fhewn,  together  with  all  Parts  of  the  Machine,  in  my  new 
Conftrudion  thereof.  The  Comet  here  reprefen  ted  is  that  which 
appear’d  in  the  Year  1682,  whofe  Period  is  75  Years  and  a  half, 
and  therefore  will  again  appear  in  1758.  By  this  Piece  of  Ma¬ 
chinery  is  fliewn  the  unequal  Motion  ol  a  Comet  in  every  Part  of 
its  Orbit ;  the  great  Velocity  with  which  it  moves  in  the  Perihelion 
Part  of  its  Orbit,  and  how  from  thence  it  moves  with  a  retarded 
Velocity  till  it  arrives  at  the  Aphelion  Point,  where  its  Motion  is 
doweft  of  all ;  and  from  thence  it  is  fecn  continually  accelerating 
its  Motion  towards  the  Perihelium^  in  fuch  manner  as  the  Laws  of 
Attradion  require.  The  Comet  is  reprefen  ted  by  a  fmall  Brafs 
Ball,  carried  by  a  Radius  V e8io?\  or  Wire,  in  an  elliptic  Groove^ 

about 
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about  the  Sun  in  one  of  its  Foci ;  and  the  Years  of  its  Period  are 


fhewn  by  an  Index  moving  with  an  equable  Motion  over  a  gradu¬ 
ated  filver’d  Circle :  The  Whole  being  a  juft  Reprefentation  of 
the  prefent  Theory  of  thofe  prodigious  and  wonderful  Phce7W7?ie77a 
of  the  Planetary  Syftem. 


#• 


LECTURE  XII. 

The  Ufe  of  the  GLOBES. 

IN  this  Ledure  I  fhall  explain  the  Nature  and  Ufe  if  both  the 
Globes^  by  giving  you  a  fuccind  Account  of  the  Nature  and 
Defign  of  each,  and  a  Solution  of  the  principal  Probkfns 
that  are  ufually  perform’d  thereby. 

Each  Globe  is  fufpended  in  a  General  Meridian,  and  moveable 
(within  an  Horizon)  about  its  Axis,  in  the  fame  manner  as  the  ylr- 
millary  Sphere  of  the  Orrery ;  and  the  Circles  of  that  Sphere,  al¬ 
ready  defcribed,  are  laid  on  the  correfponding  Parts  of  the  Surface 
of  each  Globe ;  and  are  therefore  fuppofed  to  be  known. 

The  Surface  of  the  Celestial  Globe  is  a  Reprefentation  of  the 
concave  Surface  of  the  Starry  Fir7na7nent^  there  being  depided 
all  the  Stars  of  the  firft  and  fecond  Magnitude,  and  the  moft  noted 
of  all  the  reft  that  are  viftble.  So  that  by  this  Globe  we  may  (hew 
the  Face  of  the  Heavens  for  any  required  Time,  by  Day  or  Night, 
throughout  the  Year,  in  general;  or  in  regard  to  any  particular 
Body,  as  the  Sun^  Moon^  Pla7tet^  or  Fix'd  Star, 

The  Stars  are  all  difpofed  into  Conftellations,  under  the  Forms 
.  of  various  Animals,  whofe  Names  and  Figures  are  printed  on 
the  Paper  which  covers  the  Globe ;  which  were  invented  by  the 
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ancient  Aftronomers  and  Poets,  and  are  ftill  retain’d  for  the  fake 
of  Diftindion  and  better  Arrangement  of  thofe  Luminaries,  which 
would  be  otherwife  too  confufed  and  prornifcuous  for  eafy  Con-  ’ 
ception,  and  a  regular  Method  of  treating  on  them. 

In  order  to  underftand  the  following. Problems,  tt  will  be  ne- 
ceffary  to  premife  the  following  Definitions  in  relation  thereto,  viz, 

I.  The  Declination  of  the  Sun  and  Stars  is  their  Diftance  '> 
from  the  iEquinoBial  in  Degrees  of  the  General  Meridian,  towards 
either  Pole,  North  or  South. 

II.  Right  Ascension  is  that  Degree  of  the  Equinoctial  rec¬ 
kon’d  from  the  Beginning  of  Aries.,  which  comes  to  the  Meridian 
with  the  Sun  or  Star. 

III.  Oblique  Ascension  is  that  Degree  of  the  Equinoctial 
which  comes  to  the  Horizon  when  the  Sun  or  Star  is  rifing :  And 
Oblique  Defcenfto?!  is  that 'Point  which  comes  to  the  Horizon  on 
the  Weft  Part,  when  the  Sun  or  Star  is  defcending  or  fetting  in  an 
oblique  Sphere. 

IV.  A  scen SIGNAL  Difference  is  the  Dilference  between  the 
Right  and  Oblique  AfcenJio7i. 

V.  The  Longitude  of  the  Sun  or  Star  is  an  Arch  of  the 
Ecliptic,  between  the  firfl  Point  of  Aries,  and  that  Point  of  the 
Ecliptic  to  which  the  Luminary  is  referr’d  by  the  Meridian  palTing 
through  it ;  and  is  therefore  reckon’d  in  Signs  and  Degrees  of  the 
Ecliptic. 

VL  The  L  ATiTUDE  of  a  Star  is  its  Diftance  from  the  Ecliptic 
towards  the  North  "or  South  Pole. 

VII.  Amplitude  is  the  Diftance  at  which  the  Sun  or  Star  rifes 
or  fets,  from  the  Eaft  or  W eft  Point  of  the  Horizon,  towards  the 
North  or  South. 

VIII.  Azimuth  is  the  Diftance  between  the  North  Point  of  the 
Horizon,  and  the  Point  where  the  Vertical  Circlcj  pafiing  through 
the  Body  of  the  Sun  or  Star,  cuts  the  Horizon. 

IX.  The  Altitude  of  the  Sun  or  Star  is  its  Height  above  the 
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-Horizon,  meafured  iri  the  Degrees  of  the  ^adrant  of  Altitude^ 
or  moveable  Azimuth  Circle, 

X.  A  Star  is  faid  to  rife  or  fet  CofmicaUy,^  when  it  rifes  or  fets 
when  the  Sun  rifes. 

XL  A  Star  rifes  Acronically^  if  it  rifes  when  the  Sun  fets. 

XII.  A  Star  rifes  Heliacally-i  when  it  emerges  out  of  the  Sun- 
beam.s,  and  is  feen  in  the  Morning  before  Sun-rifing :  And  it  fets 
Heliacally,^  when  it  is  fo  near  the  Sun  tliat  it  cannot  be  feen. 

XIIL  A  Right  Sphere  is  that  whofe  Poles  are  in  the  Horizon 
and  the 
Angles. 

XIV.  A  Parallel  Sphere  is  that  whofe  Poles  co-incide  with  the 
Poles  of  the  Horizon,  or  Zenith  and  Nadir ;  arid  the  Equinodlial 
with  the  Horizon  ;  and  all  the  Parallels,  parallel  thereto. 

XV.  An  Obliq  ue  Sphere  is  that,  one  of  whofe  Poles  is  above 
the  Horizon,  and  the  other  below  it;  and  the  Equinodtial  and  its 
Parallels  obliquely  cutting  the  fame. 

The  Problems  on  the  Celeftial  Globe  arc  the  following. 

PROB.  I.  iSo  reSlify  the  Globe: 

Elevate  the  Pole  to  the  Latitude  of  the  Place,  and  every  thing 
as  directed  under  PROB.  II.  of  the  l^errefrial  Globe^  which  fee. 

PROB.  11.  iSo  find  the  Sun’s  Place  iit  the  Ecliptic : 

Find  the  Day  of  the  Month  in  the  Calendar  on  the  Horizon, 
and  right  againft  it  is  the  Degree  of  the  Ecliptic  which  the  Sun  is 
in  for  that  Day. 

PROB.  III.  To  find  the  Suns  Declination: 

Rectify  the  Globe,  bring- the  Sun’s  Place  in  the  Ecliptic  to 
the  Meridian,  and  that  Degree  which  it  cuts  in  the  Meridian  is 
the  Declination  required. 

PROB.  IV.  To  find  the  Sun  s  Right  Ascension: 

Bring  the  Sun’s  Place  to  the  Aleridian,  and  the  Degree  in 

which 
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which  the  Meridian  cuts  the  Equinoctial  is  the  Right  Afcenlion 
required. 

PROB.  V.  "To  find  the  Su?i  s  Amplitude: 

Bring  the  Sun’s  Place  to  the  Horizon,  and  the  Arch  of  the  Ho¬ 
rizon  between  it  and  the  Eaft  or  Weft  Point  is  the  Amplitude, 
North  or  South.  .  ■  ' 

PROB.  VI.  To  find  the  Sun  s  Altitude  fior  any  given  Day 
a7id  Hour : 

Bring  the  Sun’s  Place  to  the  Meridian ;  fet  the  Hour-Index  to 
the  upper  XII ;  then  turn  the  Globe  till  the  Index  points  to  the 
given  Hour,  where  let  it  ftand ;  then  fcrewing  the  Quadrant  of 
Altitude  in  the  Ze7tith^  lay  it  over  the  Sun’s  Place,  and  the  Arch 
contained  between  it  and  the  Horizon  will  give  the  Degrees  of  Al¬ 
titude  required. 

PROB.  VII.  To  fi7id  the  Su77's  Azimuth  fior  a77y  Hour  ofi  the 
Day : 

Every  thing  being  done  as  in  the  laft  Problem,  the  Arch  of  the 
Horizon  contain’d  between  the  North  Point  and  that  where  the 
Quadrant  of  Altitude  cuts  it,  is  the  Azunuth  Eaft  or  Weft,  as  re- 

PROB.  VIII.  To  fi72d  the  Twie  when  the  Sun  rifies  or  fiets : 

Find  the  Sun’s  Place  for  the  given  Day;  bring  it  to  the  Meri¬ 
dian,  and  fet  the  Hour-Hand  to  XII ;  then  turn  the  Globe  till 
the  Sun’s  Place  touches  the  Eaft  Part  of  the  Horizon,  the  Index 
will  fliew  the  Hour  of  its  Riling :  After  that,  turn  the  Globe  to 
the  Weft  Part  of  the  Horizon,  and  the  Index  will  fhew  the  Time 
of  its  Setting  for  the  given  Day. 

PROB.  IX.  To  fi77d  the  Le77gth  ofi  any  giveft  Day  or  Night : 

This  is  eafily  known  by  taking -the  Number  of  Hours  between 
the  Riftng  and  Setting  of  the  Sun  for  the  Length  of  the  Day ;  and 
the  Refidue,  to  24,  for  the  Length  of  the  Night. 
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PROB.  X,  To  find  the  Hour  of  the  Day^  having  the  Sun  s 
Altitude  given : 

Bring  the  Sun’s  Place  to  the  Meridian,  and  fet  the  Hour-Hand 
to  XII ;  then  turn  the  Globe  in  fuch  manner,  tliat  the  Sun’s  Place 
may  move  along  by  the  Quadrant  of  Altitude,  (fix’d  in  the  Zenith ) 
till  it  touches  the  Degree  of  the  given  Altitude ;  where  ftop  it, 
and  the  Index  will  Ihew  on  the  Horary  Circle  the  Hour  required. 

P  RO  B.  XL  To  fnd  the  Place  of  the  Moon  or  any  Planet, 
any  give?i  Day  : 

Take  Parkers  or  Weavers  Rphe^neris^  and  againfl:  the  given 
Day  of  the  Month  you  will  find  the  Degree  and  Minute  of  the 
Sign  which  the  Moon  or  Planet  poflefTes  at  Noon^  under  the  Ti¬ 
tle  of  Geocentric  Motio7is.  The  Degree  thus  found,  being  mark’d 
in  the  Ecliptic  on  the  Globe  by  a  fmall  Patch,  or  otherwife ;  you 
may  then  proceed  to  find  the  Decimation^  Right  Afce7fon^  Lati¬ 
tude^  Lo77gitude^  Altitude^  Azitnufh^  Rifng^  Southi77g^  Setti77g^ 
&c,  in  the  fame  manner  as  has  been  fliewn  for  the  Sun. 

PROB.  XII.  To  explai77  the  Ph(je7i07tiena  of  the  Harvest- 
Moon  : 

In  order  to  this  we  need  only  confidcr,  that  when  the  Sun  is 
in  the  Beginning  of  Aries ^  the  Full  Moon  on  that  Day  muft  be 
in  the  Beginning  of  Libra:  And  fince  when  the  Sun  fets,  or 
Moon  rifes,  on  that  Day,  thofe  Equino6fial  Points  will  be  in  the 
Horizon,  and  the  Ecliptic  will  then  be  leaff  of  all  inclined  there¬ 
to,  the  Part  or  Arch  which  the  Moon  defcribes  in  one  Day,  viz* 
13  Degrees,  will  take  up  about  an  Hour  and  a  Quarter  afcending 
above  the  Horizon;  and  therefore  fo  long  will  be  the  Time  after 
Sun- fet,  the  next  Night,  before  the  Moon  will  rife.  But  at  the 
oppofite  Time  of  the  Year,  when  the  Sun  is  in  the  Autu7nnal^  and 
Full  Moon  in  the  Vernal  Equmox^  the  Ecliptic  will,  when  the  Sun 
is  fetting,  have  the  greateft  Inclination  to  tlie  Horizon ;  and  there¬ 
fore  1 3  Degrees  will  in  this  Cafe  foon  afeend,  viz,  in  about  a 
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Quarter  of  an  Hour ;  and  fo  long  after  Sun-fet  will  the  Moon  rife 
the  next  Day  after  Full :  Whence,  at  this  Time  of  the  Year,  there 
is  much  more  Moon-Light  than  in  the  Spring;  and  hence  this 
Autumnal  Full  Moon  came  to  be  call’d  the  Harvejl  Moo?t^  the 
Hunter  s  or  Shepherd' s  Moon :  All  which  will  clearly  be  fhewn 
on  the  Globe. 

PROB.  XIII.  T'o  reprefent  the  Face  of  the  Starry  Firmament 
for  any  given  Hour  of  the  Night : 

Rectify  the  Globe;  and  turn  it  about,  till  the  Index  points 
to  the  given  Flour;  then  will  all  the  upper  Flemifphere  of  the 
Globe  reprefent  the  vifible  Half  of  the  Heavens,  and  all  the  Stars 
on  the  Globe  will  be  in  fuch  Situations  as  exadfly  correfpond  to 
thofe  in  the  Heavens ;  which  may  therefore  be  eafily  found,  as 
will  be  fliewn. 

PROB.  XIV.  Fo  fnd  the  Hour  when  any  hiowjt  Star  will  rife^ 
or  come  upon  the  Meridia?! : 

Rectify  the  Globe,  and  let  the  Index  to  XII ;  then  turn  the 
Globe  till  the  Star  comes  to  the  Horizon  or  Meridian,  and  the  In¬ 
dex  will  fhew  the  Flour  required. 

PROB.  XV.  Fo  fmd  at  what' Fune  of  the  Year  any  given  Star 
will  he  on  the  Meridian  at  XII  at  Night : 

Bring  the  Star  to  the  Meridian,  and  obferve  what  Degree  of 
the  Ecliptic  is  on  the  North  Meridian  under  the  Horizon ;  then 
find  in  the  Calendar  on  the  Horizon  the  Day  of  the  Year  againft 
that  Degree,  and  it  will  be  the  Day  required. 

These  are  the  chief  Problems  on  the  Celefial  Globe:  We  now 
proceed  to  thofe  on  the  Ferrefrial ;  but  fhall  firft  premife  the  fol¬ 
lowing  Definitions  relating  thereto. 

I.  The  Latitude  of  any  Place  is  its  Diftance  from  the  Equa¬ 
tor  towards  either  Pole ;  and  is  reckon’d  in  Degrees  of  the  Gene¬ 
ral  Meridian,  beginning  at  the  Equator. 
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II.  Longitude  is  the  Diftance  between  the  Meridian  of  any 
Place,  and  the  hrfl:  or  ftanding  Meridian,  reckon’d  in  the  Degrees 
of  the  Equator  towards  the  Eaft  or  Weft. 

III.  A  Climate  is  a  Space  of  the  Earth’s  Surface,  parallel  to 
the  Equator,  where  the  Length  of  the  Day  is  half  an  Hour  longer 
in  the  Parallel  which  bounds  it  on  the  North,  than  in  that  which 
terminates  it  on  the  South. 

IV.  A  Zone  is  alfo  a  Divifion  of  the  Earth’s  Surface  parallel  to 
the  Equator,  in  regard  of  the  different  Degrees  of  Heat  a7'id  Cold^ 
which  we  have  defcribed  in  the  preceding  Ledlure.' 

V.  The  Antoeci  are  thofe  Inhabitants  of  the  Earth,  who  live 
under  the  fame  Meridian,  but  on  oppoffte  Parallels,  and  are- there¬ 
fore  equally  diftant  from  the  Equator.  Their  "Noon- and  Midnight 
are  at  the  fame  Time;  the  Days  of  one  are  equal  to  the  Nights 
of  the  other;  and  their  Seafons  of  the  Year  are  contrary. 

VI.  The  Perioeci  are  thofe  People  who  live  under  the  fame 
Parallel,  but  oppoffte  Meridians.  ^  The  fame  Pole  is  elevated  and 
deprefs’d  to  both ;  are  equally  diftant  from  die  Equator,  and  on 
the  fame  Side ;  when  Noon  to  one,  it  is  Midnight  to  the  other ; 
the  Length  of  Days  to  one  is  the  Complement  of  Night  to  the 
other,  and  the  contrary ;  and  the  Seafons  of  the  Year  are  the  fame 
to  both,  at  the  fame  Time. 

•  VII.  The  Antipodes  are 'thofe  who  live  Feet  to  Feet^  or  under 
oppofite  Parallels  and  Meridians.  They  are  equally  diftant  from 
the  Equator  on  different  Sides ;  have  the  contrary  Poles  equally 
elevated ;  the  Noon  of  one  is  Midnight  to  the  other ;  the  longeft 
Day  or  Night  to  one  is'fhorteft  to  the  other;  and  the  Seafons  ol 
the  Year  are  contrary,  &^c. 

VIII.  Al  so  the  Inhabitants  of  the  Torrid  Zone  are  call’d  Am- 
PHiscii,  becaufe  their  Shadows  fall  on  both  Sides  of  them. 

IX.  Those  of  the  Frigid  Zone  are  called  Pe Risen,  becaufe 
their  Shadows  fall  all  around  them. 
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X.  And  the  Inhabitants  of  the  Temperate  Zones  are  call’d  He- 
TERoscii,  becaufe  they  caft  their  Shadows  only  one  way, 

XI.  A  Continent  is  the  largefi:  Divilion  or  Space  of  Land, 
comprehending  divers  Countries  and  Kingdoms,  not  feparated  by 
Water. 

XII.  An  Island  is  any  fmall  Tradl  of  Land  furrounded  by 
Water. 

XIII.  A  Peninsula  is  a  Part  of  Land  encompafs’d  with  Water 
all  around,  except  on  one  Part,  which  is  call’d 

XIV.  An  Isthmus,  being  that  narrow  Neck  of  Land  which 
joins  it  to  the  Continent. 

XV.  A  Promontory  is  a  mountainous  Part  of  Land  ftanding 
far  out  in  the  Sea;  whofe  Fore-part  is  call’d  a  Cape^  or  Head- 
Land, 

XVI.  The  Ocean  is  the  largefi:  Colledion  of  Waters,  which 
lies  between,  and  environs  the  Continents. 

XVII.  The  SEA  is  a  fmaller  Part  of  the  aqueous  Surface  of  the 
Earth,  interceding  the  Iflands,  Promontories,  ^c, 

XVIII.  A  Gulf  is  a  Part  of  the  Sea  every  where  environ’d 
with  Land,  except  on  one  fmall  Part  call’d 

XIX.  A  Strait,  which  is  that  narrow  Paffage  joining  it  to  the 
adjacent  Sea. 

XX.  A  Lake  is  any  large  Quantity  of  ftagnant  Water  entirely 
furrounded  by  Land. 

The  other  Parts  of  Land  or  Water  need  no  Explanation. 

I  shall  now  proceed  to  the  Solution  of  the  moft  ufeful  Prob¬ 
lems  on  the  Terrejlrial  Glohe^  firft  premifing  that  the  Latitude  of 
a  Place  is  equal  to  the  Llevatiofi  of  the  Pole  at  that  Place ;  for  if 
the  Arch  of  the  Meridian  between  the  Place  and  the  Pole  be  added 
to  the  Latitude  of  the  Place,  it  makes  90  Degrees ;  alfo  if  it  be 
added  to  the  Pole’s  Elevation,  or  Arch  between  the  Pole  and  Ho¬ 
rizon,  the  Sum  is  90  Degrees :  Whence  the  Proportion  is  evident. 

PROP. 
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P  R  O  B.  I.  To  find  the  Latitude  of  any  Place : 

Bring  the  given  Place  to  the  Brazen  Meridian,  and  obferve 
what  Degree  it  is  under,  for  that  is  the  Latitude  required. 

PRO  B.  II.  Ido  reSlify  the  Globe  for  any  given  Place : 

R  AisE  the  Pole  fo  high  above  the  Horizon,  as  is  equal  to  the 
Latitude  of  the  Place ;  fcrew  the  Quadrant  of  Altitude  in  the  Ze¬ 
nith  ;  find  the  Sun’s  Place,  and  bring  it  to  the  Meridian ;  fet  the 
Hour-Hand  to  the  upper  XII ;  and  place  the  Globe  North  and 
South  by  a  Needle ;  then  is  it  a  juft  Reprefentation  of  the  Globe 
of  the  Earth,  in  regard  of  that  Place,  for  the  given  Day  at  Noon. 

P  RO  B.  III.  To  find  the  Longitude  of  a  given  Place  : 

Br  iNG  the  Place  to  the  Brazen  Meridian,  and  obferve  the  De¬ 
gree  of  the  Equator  under  the  fame,  for  that  exprefles  the  Longi¬ 
tude  required. 

P  R  O  B.  IV.  To  fnd  a^ty  Place  by  the  Latitude  and  Loitgitude 
given : 

Bring  the  given  Degree  of  Longitude  to  the  Meridian,  and  un¬ 
der  the  given  Degree  of  Latitude  you  will  fee  the  Place  required. 

PROB.  V.  To  ffid  all  thofe  Places  which  have  the  fa^ne  Lati¬ 
tude  and  Lo7tgitude  with  thofe  of  a7iy  give7i  P lace : 

Bring  the  given  Place  to  the  Meridian,  then  all  thofe  Places 
which  lie  under  the  Meridian  have  the  fame  Longitude :  Again, 
turn  the  Globe  round  on  its  Axis ;  then  all  thofe  Places,  which 
pafs  under  the  fame  Degree  of  the  Meridian  with  any  given  Place, 
have  the  fame  Latitude  with  it. 

PROB.  VI.  To  fnd  all  thofe  Places  where  it  is  Noon  at  any 
given  Hour  of  the  Day^  in  any  Place : 

Bring  the  given  Place  to  the  Meridian  \  fet  the  Index  to  the 
given  Hour ;  then  turn  the  Globe,  till  the  faid  Index  points  to 
the  upper  XII ;  and  obferve  what  Places  lie  under  the  Brafs  Meri¬ 
dian,  for  to  them  it  is  Noon  at  that  Time, 
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PROB.  VII.  When  it  is  Noon  at  any  one  Place^  to  find  what 
Hour  it  is  at  any  other  given  Place : 

Bring  the  lirfl:  given  Place  to  the  Meridian,  and  fet  the  Index 
to  the  upper  XII ;  then  turn  the  Globe  till  the  other  given  Place 
comes  to  the  Meridian,  and  the  Index  will  point  to  the  Hour  re- 

PROB.  VIII.  For  any  give?i  Hour  of  the  Day  in  the  Place 
where  you  are^  to'  f?zd  the  Hour  of  the  Day  in  a7ty  other 
Place :  ^ 

Bring  the  I^lace  where  you  are  to  the  Meridian,  fet  the  Index 
to  the  given  Hour;  then  turn  the  Globe  about,  and  when  the 
other  Place  comes  to  the  Meridian,  the  Index  will  fhew  the  Hour 
of  the  Day  there,  as  required. 

PROB.  IX.  Fo  fnd the  Difance  betweeti  any  two  Places  on  the 
Globe  in  Miles  :  , 

Bring  one  Place  to  the  Meridian,  over  which  fix  the  Quadrant 
of  Altitude;  and  then  laying  it  over, the  other  Place,  count  the 
Number  of  Degrees  thereon  contain’d  between  them;  which  Num¬ 
ber  multiply  by  69  and  a  half,  (the  Number  of  Miles  in  one  De¬ 
gree)  and  the  Produdl  is  the  Number  of  Efiglifj  Miles  required. 

P  R  O  B.  X.  To  fnd  how  any  one  Place  bears  from  another : 

Bring  one  Place  to  the  Brafs  Meridian,  and  lay  the  Quadrant 
of  Altitude  over  the  other ;  and  it  will  fhew  on  the  Horizon  the 
Point  of  the  Compafs  on  which  the  latter  bears  from  the  former. 

PROB.  XI.  To  fnd  thofe  Places  to  which  the  Sun  is  vertical 
in  the  Torrid  Zone^  for  any  given  Day  : 

Find  the  Sun’s  Place  in  the  Ecliptic  for  the  given  Time,  and 
bring  it  to  the  Meridian,  and  obferve  what  Degree  thereof  it  cuts ; 
then  turn  the  Globe  aboyt,  and  all  thofe  Places  which  pafs  under 
that  Degree  of  the  Meridian  are  thofe  required. 
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PROB.  XII.  To  find  what  Day  of  the  Tear  the^Stm  will  be 
vertical  to  any  given  Place  in  the  Torrid  Zone : 

Bring  the  given  Place  to  the  Meridian,  and  mark  the  Degree 
exadlly  over  it ;  then  turn  the  Globe  round,  and  obferve  the  two. 
Points  of  the  Ecliptic  which  pafs  under  that  Degree  of  the  Meri¬ 
dian  :  LafUy,  fee  on  the  Wooden  Horizon,  on  what  Days  of  the 
Year  the  Sun  is  in  thofe  Points  of  the  Ecliptic ;  for  thofe  are  the  ' 
Days  required. 

PROB.  XIII.  To  fnd  thofe  Places  in  the  North  Frigid  Zone^ 
where  the  Sun  begins  to  fjine  confantly  ‘without  fetting^  on 
any  given  Day  between  the  loth  of  March  and  the  loth  of 
June : 

Find  the  Sun’s  Place  in  the  Ecliptic  for  the  given  Day ;  bring  it 
to  the  General  Meridian,  and  obferve  the  Degrees  of  Declination ; 
then  all  thofe  Places  which  are  the  fame  Number  of  Degrees  di- 
ftant  from  the  Pole,  are  the  Places  required  to  be  found. 

PROB.  XIV.  To  fnd  on  what  Day  the  Sun-  begins  to  foine  con¬ 
fantly  without  Jetting^  'on  any  given  Place  in  the  North  Fri¬ 
gid  Zone^  and  how  long : 

Rectify  the  Globe  to  the  Latitude  of  the  Place;  and,  turning 
it  about,  obferve  what  Point  of  the  Ecliptic  between  Aries  and 
Cancer^  and  alfo  between  Cancer  and  Libra^  co-incides  with  the 
North  Point  of  the  Elorizon ;  then  find,  by  the  Calendar  on  the 
Horizon,  what  Days  the  Sun  will  enter  thofe  Degrees  of  the  E- 
cliptic,  and  they  will  fatisfy  the  Problem. 

PROB.  XV.  To  find  the  Place  over  which  the  Sun  is  vertical^ 
on  any  given  Day  and  Hour  : 

Find  the  Sun’s  Place,  and  bring  it  to  the  Meridian,  and  mark 
the  Degree  of  Declination  for  the  given  Hour ;  then  find  thofe 
Places  which  have  the  Sun  in  the  Meridian  at  that  Moment ;  and 
among  them,  that  which  paffes  under  the  Degree  of  Declination 

is  the  Place  defired. 
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PROB.  XVI.  To  Ji?idy  for  any  given  Day  and  Hour^  thofe 
Places  wherem  the  Sun  is  then  rifng^  or  Jetting^  or  on  the 
Meridiait :  Alfo  thofe  Places  which  are  enligbte72  d^  and  thoje 
which  are  not : 

Find  the  Place  to  which  the  Sun  is  vertical  at  the  given  Time, 
and  bring  the  fame  to  the  Meridian,  and  elevate  the  Pole  to  the 
Latitude  of  the  Place ;  then  all  thofe  Places  which  are  in  the 
Weftern  Semicircle  of  the  Horizon  have  the  Sun  rifeijg^  and  thofe 
in  the  Eaftern  Semicircle  fee  it  fettmg ;  and  to  thofe  under  the 
Meridian,  it  is  Noon.  Laftly,  all  Places  above  the  Horizon  are 
enlighten’d,  and  all  below  it  are  in  Darknefs  or  Night. 

PROB.  XVII.  The  Day  and  Hour  of  a  Solar  or  Lunar  E- 
clipfe  bei^tg  given^  to  find  all  thoje  Places  in  which  the  fame 
will  be  vifeble: 

Find  the  Place  to  which  the  Sun  is  vertical  at  the  given  Inftant, 
and  elevate  the  Globe  to  the  Latitude  of  the  Place ;  then  in  moft 
of  thofe  Places  above  the  Horizon  will  the  Sun  be  vihble  during 
his  Eclipfe ;  and  all  thofe  Places  below  the  Llorizon  will  fee  the 
Moon  pafs  through  the  Shadow  of  the  Earth  in  her  Eclipfe. 

PROB.  XVIII.  The  Length  of  a  Degree  being  given^  to  fnd 
the  Number  of  Miles  m  a  great  Circle  of  the  Earthy  a?7d 
thejice  the  Diameter  of  the  Earth : 

Admit  that  one  Degree  contains  69 ^  Statute  Miles ; 

then  multiply  360  (the  Number  of  Degrees  in  a  Great  Circle) 
by  69^,  and  the  Produdl  will  be  25020,  the  Miles  which  meafure 
the  Circumference  of  the  Earth.  If  this  Number  be  divided  by 
3.1416,  the  Quotient  will  be  7963^  Miles,  for  the  Diameter  of 
the  Earth. 

PROB.  XIX.  The  Diameter  of  the  Earth  being  known^  to  find 
the  Surface  in  Square  Miles ^  and  its  Solidity  in  Cubic  Miles : 

Admit  the  Diameter  be  7964  Miles;  then  multiply  the  Square 
of  the  Diameter  by  3.1416,  and  the  Produdl  will  be  199250205 

very 
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very  near,  which  are  the  Square  Miles  in  the  Surface  of  the  Earth. 
Again,  multiply  the  Cube  of  the  Diameter  by  0.5236,  and  the 
Prodiaft  264466789170  will  be  the  Number  of  Cubic  Miles  in 
the  whole  Globe  of  the  Earth, 

PROB.  XX.  To  exprefs  the  Velocity  of  the  diur?ial  Motion  of 
the  Ea7^th  : 

Since  a  Place  in  the  Equator  defcribes  a  Circle  of  25020  Miles 
in  24  Hours,  ’tis  evident  the  Velocity  with  which  it  moves  is  at 
the  rate  of  1042^  in  one  Hour,  or  17  ^  Miles  per  Minute.  The 
Velocity  in  any  Parallel  of  Latitude  decreafes  in  the  Proportion  of 
the  Co- Sine  of  the  Latitude  to  the  Radius*  Thus,  for  the  Lati¬ 
tude  of  London^  51  deg,  30  min.  fay. 

As  Radius - 10.000000 

To  the  Co-Sine  of  Lat.  51  deg.  30  min. - -  9.794149 

So  is  the  Velocity  in  the  Equator,  17^  m. - 2.232046 

To  the  Velocity  of  the  City  of  London^  107^  m.  -  -  2.032195 

That  is,  the  City  of  London  moves  about  the  Axis  of  the  Earth 
at  the  Rate  of  10-;^  Miles  every  Minute  of  Time.  But  this  is  far 
fhort  of  the  Velocity  of  the  annual  Motion  about  the  Sun ;  for 
that  is  at  the  Rate  of  56000  Miles  Hour,  or  about  940  Miles 
each  Minute,  fuppoling  the  Diameter  of  the  annual  Orbit  to  be 
81  Millions  of  Miles. 

There  is  a  geometrical  Method  of  defcribing  the  Superficies  of 
the  Celeftial  and  Terreftrial  Globe  on  a  Plane ;  and  this  is  call’d 
ProjeEiion  of  the  Sphere  hi  Plano:  Thus,  one  Half  of  the 
Globe  is  projedled  on  one  Side  of  the  Plane,  and  the  other  Half 
on  the  other ;  and  if  the  Plane  be  that  of  the  Ecliptic  or  Equi- 
nodlial,  as  in  the  Cafe  of  the  Celeftial  Globe,  thefe  Projedlions 
are  then  call’d  the  Celefial  Hemifpheres.  But  with  regard  to  the 
Terreftrial  Globe,  they  are  generally  made  on  the  Plane  of  the 
General  Meridian  or  Horizon^  and  then  they  are  commonly  call’d 
Maps  of  the  World:  And  the  feveral  Circles,  and  Parts  of  the 

Surface 
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Surface  of  one  Hemifpliere,  are  fo  delineated  on  the  faid  Plane, 
as  they  would  appear  thereon  to  an  Eye  placed  in  the  Pole,  or 
middle  Point,  of  the^  other  Hemifpliere.  Hence  it  will  come  to 
pafs,  that  the  Stars  and  Conftellations  of  the  Hemifpheres,  and  the 
Parts  of  Land  and  Water  in  the  Maps,  are  not  reprefented  in  their 
natural  and  juft  Diftances,  and  in  their  due  Magnitudes  and 
Forms,  as  on  the  Globes  themfelves :  Yet  moft  of  the  Problems 
of  either  Globe  are  performable  on  thefe  artificial  Projections,  by 
thofe  who  underftand  their  Nature  and  Ufe.  But  thefe  Things 
will  be  beft  underftood  from  a  View  of  thofe  Prints,  and  a  Spe¬ 
cimen  of  the  Praxis  of  their  Ufe. 
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APPEND 

CONTAINING  AN 

EXPLI  CATION 

OF  SUCH 

Characters,  Words,  and  Phrases, 

As  are  not  explain’d  in  the  foregoing  LECTURES,  and  other 

Treatises  of  this  Kind, 

FO  R  the  Sake  of  fuch  Gentlemen  and  Ladies  as  are  not  mathematically 
learned,  it  will  be  neceflary  to  explain  fome  Characters,  Terms,  and 
IVords,  that  occur  in  the  preceding  Lectures,  and  other  Books  on  the 
like  Subjeft,  that  nothing  may  be  wanting  to  facilitate  and  expedite  their 
Progrefs  in  thefe  moil:  important  and  fublime  Studies. 

In  all  Cafes  where  the  Ufe  of  Numbers  is  required,  it  is  now  cuftomary,  in- 
ftead  of  the  Words  Addition,  SubJlraClion,  Multiplication,  Divijton,  Sec.  to  ufe 
Charaflers,  for  the  fake  of  Brevity,  to  exprefs  the  fame  Things.  Thus,  for 
Addition  we  ufe  the  Sign  -p  j  as  5  -f-  3,  is  to  be  read  5  more  3,  or  3  added 
to  5. 

So  ior  SuhJlraCtion  we  ufe  the  Sign — ;  as  5 — 3,  is  5  lefs  3,  or  3  fub- 
ftrafled  from  3. 

For  Multiplication  we  ufe  the  Sign  x  ;  thus  3x3,  is  3  multiplied  by  3. 
And  for  Divijton  is  ufed  the  Sign  -i-  ;  thus  13  3?  is  13  divided  by  35 

but  this  is  not  fo  frequent. 

Again,  when  we  would  exprefs  Equality,  we  ufe  the  Sign  —  ;  5  T  3  = 
that  is,  3  more  3  is  equal  to  8;  and  3x3  =  13,  is  3  multiplied  by  3  is  equal 
to  I  e. 

In 
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In  ftating  Proportions  we  ufe  the  Sign  :  for  is  to,  and  ::  for  fo  is.  Thus,  in- 
flead  of  faying.  As  A  is  to  B,  fo  is  C  to  D,  we  exprefs  it  thus,  A  :  B  ::  C  :  D. 

The  Square  of  any  Number  is  the  Produft  of  that  Number  multiplied  by 
itfelf ;  thus  the  Square  of  3  is  3  x  3  =  9  j  and  the  Cube  of  a  Number  is  the 
Produft  of  that  Number  multiplied  by  itfelf  twice ;  thus  the  Cube  of  3  is 
3  X  3  X  3  =  27.  Hence  the  Number  3  is  faid  to  be  the  Square  Root  of  9,  and 

the  Cube  Root  of  27  j  and  in  Charafters  the  Square  Root  is  thus  exprefs’d 
and  the  Cube  Root  thus  ^  3  thus  V  9  =  3,  and  V  27  =  3  5  and  fo  of  other 
Numbers  or  Quantities. 

When  any  Quantity  cannot  be  exprefled  in  whole  Numbers  without  Fra- 
chional  Parts,  ’tis  common  now  to  exprefs  thofe  broken  Parts  in  Decimal  Num¬ 
bers,  which  are  diftmguifh’d  from  the  JVhole  Number  by  a  Point  or  Comma: 

Thus  3,5  is  3  and  5  Tenths  of  another,  or  3,5  =  3~  ==  3r  >  is 

oilil.  that  is,  if  the  Diameter  of  a  Globe  be  one  Foot,  the  Circle  which  di- 

vides  it  into  two  equal  Parts  will  be  3,1416,  or  3-^^  Feet;  that  is,  it  will  be 
3  Feet,  and  1416  of  10000  Parts  of  another  Foot:  And  fo  of  other  Decimal 
Numbers. 

Proportion  is  the  Comparifon  of  Things  in  refpect  of  Magnitude:  Thus 
we  fay  four  Lines,  A,  B,  C,  D,  are  proportional,  when  A  is  to  B 
Fig.yNN.  as  C  is  to  D  in  regard  of  their  Length.  And  in  this  Cafe,  the 
Reffangle  or  Produft  of  the  two  Extremes  is  equal  to  the  Re£l- 
angle  of  the  two  Means,  or  Middle  Lines,  viz.  A  x  D  =  B  x  C.  If  here, 
while  the  two  firft  Quantities  A  and  B  do  increafe  or  decreafe,  the  other  two 
C  and  D  do  alfo  proportionably  increafe  or  decreafe,  the  Proportion  is  faid  to 
be  direbl.  Note,  When  Quantities  multiplied  together  are  exprefled  by  Angle 
Letters,  we  leave  out  the  Mark  x,  and  inifead  of  A  x  Dj,  write  only  AD. 
But  if  while  two  Quantities  A,  B,  do  increafe  or  decreafe,  other  two  C^anti- 
ties  C,  D,  fhould  at  the  fame  Time  pre  3ortionably  decreafe  or  increale ;  then 
the  Proportion  between  thofe  Quantises  is  faid  to  be  ifiverfe  or  reciprocal. 
Thus,  becaufe  as  the  Squares  of  the  Dil  ances  from  the  Sun  increafe,  the  Effeds 
of  its  Light  and  Heat  decreafe,  the  latter  are  faid  to  be  reciprocally  propor¬ 
tional  to  the  former. 

W^HEN  any  two  Quantities  are  proportional  to  other  two  Quantities  fingly, 
the  Proportion  is  faid  to  be  Jimple:  Thus  the  Circumferences  of  two  unequal 
Circles  are  in  the  Jimple  Proportion  of  their  Diameters.  ^ 

But  if  two  Quantities  are  in  Proportion  to  each  other  as  the  Squares  of 
two  other  Quantities,  the  Proportion  is  faid  to  be  duplicate :  Thus  becaufe  the 
Lengths  of  Pendulums  are  to  each  other  as  the  Squares  of  the  Times  oj  their 
Vibrations,  therefore  former  are  faid  to  be  in  the  duplicate  Proportion  of 
the  latter. 

In  the  fame  manner,  if  two  Quantities  are  proportional  to  the  Cubes  of  two. 

otlier 


APPENDIX,  123 

other  Quantities,  the  former  are  faid  to  be  in  the  triplicate  Proportion  of  the 
latter.  Thus  Spheres  or  Globes  are  in  xht  triplicate  Proportion  of  their  Dia¬ 
meters,  becaufe  their  Magnitudes  are  as  the  Cubes  of  the  Diameters. 

When  the  Squares  of  any  two  Quantities  are  proportional  to  the  Cubes  of 
two  others,  the  Proportion  is  faid  to  be  fefqiiipUcate :  Thus,  becaufe  the  Squares 
of  the  Times,  in  which  any  two  Planets  revolve  about  the  Sun,  are  propor¬ 
tional  to  the  Cubes  of  their  Diftances  refpedively,  the  former  are  faid  to  be 
in  a  fefquiplicate  Proportion  of  the  latter. 

If  two  Quantities  have  the  fame  Proportion  as  the  Square  Roots  of  two 
'other  Quantities,  then  the  Proportion  is  faid  to  be  fubduplicate :  Thus  the 
Times  of  Vibration  are  faid  to  be  in  fubduplicate  Proportion  of  the  Lengths 
of  Pendulums,  becaufe  they  are  as  the  Square  Roots  of  thofe  Lengths.  * 

fubtr ipli cate  Proportion  is  that  of  the  Cube  Roots :  Thus  the  Diame¬ 
ters  of  Spheres  are  in  the  fubtriplicate  Proportion  of  the  Spheres  themlelves. 
For  Example  :  Let  two  Spheres  or  Globes  be  to  each  other  as  8  and  27 ;  now 
the  Cube  Roots  of  thefe  Numbers  are  2  and  3,  which  therefore  will  reprefent 
the  Diameters  of  the  Spheres ;  and  thus  we  fay,  2  is  to  3  in  the  fubtriplicate 
Proportion  of  8  to  27. 

I  SHALL  here  exhibit  the  feveral  Kinds  of  Proportion  in  one  View,  thus; 

Simple  Proportion  A:B::C:D  —  —  2:3::6:9 

'  Duplicate  —  —  A  :  B  ::  CC  :  DD  —  4  :  9  ::  16  :  36 

Triplicate  —  —  A  :  B  CCC  :  DDD  —  i  :  8  : :  8  :  64 

Sefqui  plicate  —  A  A :  BB  : :  CCC :  DDD,  or  A  :  B  : :  C  VC  :  D  VD 

Subduplicate  —  A  :  B  ::  VC  :  VD  —  2  :  3  ::  4  :  6 

Subtriplicate  —  —  A  :  B  : :  V  C  ;  —  —  i  :  2  : :  2  : 4 

I  TAKE  it  for  granted  that  the  Reader  knows,  that  if  on  any 
Point  C,  taken  in  the  Right  Line  AB,  a  Circle  ADEF  be  deferi-  Fig.  XLV. 
bed,  the  Point  C  is  called  the  Center,  and  A  E  the  Diameter  of 
that  Circle  :  To  which  I  fhall  add,  that  AC,  or  C  E,  is  call’d  the  Radius  of 
the  Circle,  which  is  the  fame  thing  as  the  Semidiameter. 

If  the  Circle  be  divided  into  four  equal  Parts,  AD  =  DE=:  EF.:=FA, 
by  the  two  Diameters  AE,  DF  ;  then  each  of  the  Areas  A  CD,  DCE,  ECF, 
F  C  A,  are  called  ^adrants,  or  Quarters  of  the  circular  Space  ;  and  the  Parts 
of  the  Circle  AD,  DE,  EF,  FA,  are  call’d  ^adr  ant  at  Arches,  or  Quarters 
of  the  Circle. 

Every  Circle,  great  or  fmall,  is  fuppofed  to  be  divided  into  360  equal 
Parts,  call’d  Degrees  \  confequently  each  Quarter,  AD,  DE,  i^c,  will  con¬ 
tain  90  of  thofe  Degrees,  as  is  evidently  reprefented  by  the  large  Half-Circle 
of  Fig.  XLVI. 

If  two  Lines  BC  and  FC  meet  in  a  Point  C,  the  Space  FC  B  included  be¬ 
tween  them  is  call’d  an  Angle  5  and  the  Meafurc  cf  that  Angle  is  the  Number 
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of  Degrees  contain’d  in  an  Arch  E I  of  a  Circle  deferibed  on  the  angular 
Point  Cj  and  included  between  the  faid  two  Lines  BC  and  F C.  Thus  the 
Angle  in  the  Figure  contains  40  Degrees. 

If  a  Line,  as  GC,  be  drawn  through  the  90th  Degree  on  the  Point  C,  it 
will  make  the  Angle  on  one  Side  GCB  equal  to  the  Angle  GCA  on  the 
other  Side,  becauie  each  is  equal  to  90  Degrees.  Such  an  Angle  is  call’d  a 
Right  Angle ;  and  the  Line  G  C  is  then  faid  to  ht perpendicular  to- the  Line  A  B. 

"The  Angle  FCB,  which  is  lefs  than  a  Right  Angle  or  90  Degrees,  is  call’d 
an  Acute  Angles  and  the  Angle  HCB,  which  is  greater  than  a  Right  Angle 
or  90  Degrees,  is  call’d  an  (Jbtufe  Angle,  Again;  the  Arch-  ID  is  call’d  the 
Complement  of  the  Arch  El  to  a  Quadrant  E  D,  or  90  Degrees  ;  and  the  Arch 
AK  is  call’d  the  Supplement  of  the  Arch  EK  to  a  Semicircle  EDA,  or  180 
Degrees. 

If  from  the  Point  I  be  let  fall  the  Perpendicular  I  L  to  the  Line  or  Radius 
E  C,  then  is  that  Line  I  L  call’d  the  Sine  of  the  Angle  I C  E  or  F  C  B.  In  the 
fame  manner  the  Line  IM  is  the  Sine  of  the  Complement-Arch  ID,  or  An- 
gle  I  CD.  But  inftead  of  Sine-Complement y  fay,  in  (hort,  Co-Sine:  Thus 
we  fay 'that  IL  is  the  Si?ie^  and  IM  the  Co-Sine^  of  the  Angle  ICE.  The 
Angle  F  C  B  is  call'd' xho.  I?iclination  of  the  Line  F  C  to  the  Line  BC;  and 
the  Angle  FCD  is  the  Inclination  of  the  Line  F  C  to  the  Perpendicular  D  C  : 
That  is,  FC  is  inclined  to  BC  in  an  Angle  of  40  Degrees,  and  to  DC  in  an 
Angle  of  50  Degrees.  Hence  IL  and  IM  are  call’d  the  Sines  of  Inclination 
refpeflively. 

H  ENCE,  when  we  fay.  The  Force  of  a  dir  ell  Stroke  is  to  that  of  an  oblique 
one  as  Radius  is  to  the  Sine  of  Inclination^,  we  only  mean,  that  thofe  Quanti¬ 
ties  are  to  each  other  as  the  Radius  IC  to  the  Sine  I  L,  or  I M,  according  as 
the  Inclination  is  40  or  50  Degrees.  Alfo,  when  ’tis  faid,  that  the  centtifu- 
gal  Force  dect  cafes  Jrom  the  Equator  towards-  the  Poles,  in  Proportion  of  Radius 
t6  the  Ca-Sines  of  the  Latitude',  no  more  is  meant  than  this,  that  if  the  Ra¬ 
dius  C  E  reprefent  the  faid  Force  in  the  Equator  E,  and  E I  be  any  given 
Latitude,  then  will  I  M,  the  Co-Si?ie  of  the  Latitude,  reprefent  the  Force  in 
that  Latitude :  Or,  the  Force  decreafes  with  the  Length  of  the  Line  1 M,  as 
the  Point  I  moves  on  from  E  to  D. 

In  feveral  Books  we  have  Tables  of  Numbers  which  exprefs  the  Length  of 
the  Sine  of  every  Degree  and  Minute  of  the  Quadrant,  in  fuch  equal  Parts  as 
the  Radius  CE  or  Cl  contains  100000.  And  (ince  it  is  of  the  greatelt  (Jfe 
to  know  the  Proportion  of  Radius  to  the  Sine  of  every  Degree,  I  have  here 
fubjoin’d  a  Table  thereof,  and  a  Specimen  of  its  life. 
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Deg. 

Parts. 

Deg 

Parts.  Deg. 

Parts. 

Deg. 

Parts.  Deg. 

Parts. 

Sine  of  i 

1745 

19 

32556 

37 

601 8  I 

55 

81915 

73 

95630 

2 

3489 

20 

34202 

38 

61566 

56 

82903 

74 

96126 

3 

5233 

21 

35836 

39 

62932 

57 

83867 

75 

96592 

4 

6975 

22 

37460 

40 

64278 

58 

S4804 

76 

97029 

5 

8715 

23 

39073 

41 

65605 

59 

85726 

77 

97437 

6 

10452 

24 

40673 

42 

66913 

60 

86602 

78 

97814 

7 

12186 

25 

42261 

43 

68190 

61 

87461 

79 

98162 

8 

13917 

26 

43837 

44 

69465 

62 

88294 

80 

98480 

9 

15643, 

-27 

45399 

45 

70710 

63 

89100 

81 

9876S 

10 

^7364 

28 

46947 

46 

72933 

64 

89879 

82 

99026 

II 

19080 

29 

48480 

47 

73235 

65 

90630 

83 

99254 

12 

20791 

50000 

48 

74324 

66 

92354 

84 

99452 

^3 

22495 

3L 

52503 

49 

75470 

67 

92050 

85 

99619 

24192 

32 

.52992 

50 

76604 

68 

92718 

86 

99756 

^5 

25881 

33154463 

52 

77714 

69 

93358 

87 

99862 

'  16 

27563 

341 

55929 

52 

78801 

70 

93969 

88 

99939 

■  '^1 

29237 

35 

57357 

53 

79863 

72 

94551 

89 

99984 

*  I  K 

30901 

36' 

58778 

54 

8ogoi 

72 

95205 

90 

100000 

-  The  Ufe  of  this  Table  will  be  obvious  from  two  or  three  Examples.  It 
was  obferved^  >2,6.)  That  the  Power  is  to  the  Weight  it  fuftains  on  any 

inclined  Plane  IC,  as  the  Height  of  the  Plane  I L  to  the  Length  thereof  IC; 
that  is,  as  the  Sine  of  the  Plane’s  Inclination  to  the  Radius.  Suppofe  the  An¬ 
gle  of  Inclination  ICE  =^40  Degrees,  then  will  the  Sine  IL  be  equal  to 
64278,  and  the  Radius  Cl  equal  to  100000,  which  Numbers  are  as  64  to  loo; 
therefore  100  Pounds  will  be  fuftain’d  on  the  Inclined  Plane  by  a  Power  equal 
to  64  Pounds  nearly. 

Again;  lince  EC  =  100000  reprefents  the  centrifugal  Force  under  the  E- 
quator,  then  will  IM  =  76604  (the  Sine  of  50  Degrees,  and  Co-Sine  of  40) 
be  as  the  faid  Force  in  the  Latitude  of  40  Degrees:  Which  Numbers  are  as 
1000  to  766;  and  fuch  is  the  Proportion  of  the  Forces  in  thofe  two  Places. 

In  the  fame  manner,  if  the  Radius  CD  —  100000  exprefs  the  Force  of  any 
dlrcB  Stiokey  then  will  the  Sine  IL  =  64278  be  expreffive  of  the  Force  of 
an  oblique  Stroke  in  the  Direction  F  C,  every  thing  elfe  being  equal. 

Again;  lince  the  Force  of  a  direcl  Stroke  is  exprefs’d  by  CD  =  100000, 
if  it  be  required  to  find  the  Angle  of  Obliquity,  fu:h  that  the  Force  of  the 
Stroke  fhall  be  but  one  fourth  Part  fo  great,  or  25000,  look  in  the  Table  for 
the  Number  neareft  to  this,  and  you  will  perceive  it  lie  between  14  and  15 
Degrees,  and  therefore  about  14  Degrees  and  a  half  is  the  Angle  required. 

In  the  lafl  Place:  It  was  laid,  {Page  29.)  That  the  Force  oj  the  JVmd  on  the 

Sail  i^  Proportional  to  the  Squares  of  the  Sines  of  the  Angle  of  Incidence,  This 

may 
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may  be  illuftrated  by  Numbers,  thus :  If  the  Sail  be  turn’d  to  the  fame  Wind, 
firh  under  an  Angle  of  45  Degrees,  and  then  under  an  Angle  of  30  Degrees; 
the  Sine  of  the  firfl  Angie  is  (by  the  Table)  ^0^10.  and  of  the  latter  30000, 
the  Squares  of  which  are  4999904100  and  2500000000,  which  Squares  are  as 
30  to  25,  or  as  2  to  i  ;  and  therefore  the  Power  ot  the  Wind  is  twice  as  great 
upon  an  Angle  of  45  Degrees,  as  upon  an  Angle  of  30. 

Because  the  Square  of  the  Sine  of  45  Degrees  is  5000000000,  twice  that 
Square  will  be  10000000000,  which  is  equal  to  the  Square  of  Radius  1 00000 ; 
’tis  evident  the  Sum  of  the  Squares  of  the  Sines  of  any  two  Angles  above  45 
Degrees  will  be  greater-than  the  Square  of  Radius;  and  therefore  the  Force 
of  the  Wind  upon  two  oblique  Sails,  in  that  Cafe,  will  be  greater  than  upon 
one  Sail  fet  dire£l:  before  the  Wind. 

After  the  fame  manner,  the  Table  of  Sines  may  be  applied  to  Calcula¬ 
tion  in  any  other  Cafe  of  lil^  Nature,  where  the  Proportion  of  Radius  and 
Sme  of  an  Angle  is  required  to  be  exprefs’d  or  ftated  in  Numbers.  And  fince 
each  Degree  is  divided  into  60  equal  Parts  or  Minutes^  therefore  the  Sine  of 
any  Number  of  Degrees  and  Minutes  alfo  may  be  ealily  found  by  the  forego¬ 
ing  Table,  by  thofe  who  underhand  the  Rule  of  Proportion. 

I  SHALL  only  further  obferve  here,  that  as  1  L  is  the  Sine,  and 
Fig.  XLVII.  LM  the  Co-Sine,  of  the  Arch  IE;  fo  if  on  the  extreme  Point  E 
*of  the  Radius  CE  we  raii'e  a  Perpendicular  which  fhall  cut  the 
Line  C  I,  continued,  in  F,  then  is  the  faid  Perpendicular  EF  call’d  the  Tan¬ 
gent  of  the  Angle  ICE,  and  the  Line  FC  the  Secant  of  the  fame  Angle. 
In  like  manner,  the  Perpendicular  D  G  is  the  Tangent  of  the  Angle  D  C  I, 
and  GC  the  Secant  thereof;  and  therefore  DG  is  the  Co-Tangent,  and  GC 
the  Co-Secant  of  the  Angle  ICE.  I  thought  it  neceflary  to  acquaint  the  Rea¬ 
der  with  thefe  Definitions,  becaufe  they  fometimes  occur  in  Treatifes  of  this 
Kind. 
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A 


A. 

Cronical  Rifing  of  a  Star,  P^^.109 
AElion  and  Re-aflion  equal,  14 
jEolipile^ 

Aerial  Piilfes, 

Sr^  48.  Its  Generation,  49.  Weight,  ih, 
Elafticity,  ih,  Denfity,  ib.  50.  weigh’d 
in  a  Balance,  51.  neceflary  for  Life, 
Flame,  Sound,  iAc.  54 

Air-Pump  defcribed,  56.  of  a  new  Stru- 


of  Cohefion,.  5,  6. 

the  Laws  thereof,.  6. 

of  Eledtricityi 

Page  8 

109 

Autumn  Seafon, 

105 

14 

Autumnal  Equinox, 

ibid. 

45 

61 

Azimuth, 

108 

dlure. 

57 

Altitude, 

109 

Amphifcii, 

Anplitude  of  Projedlion,  18. 

of  the  Sun, 

168 


Annual  Motion  of  the  Earth  Ihewn  by  the 
Orrery,  ^  104,  105 

Angle  mofi  advantageous  for  Sails,  29.  tor 
Rudders  of  Ships,  ibid,  for  the  Gates  of 
a  Lock,  ibid,  of  Incidence  and  Refle- 


/ 


124 

ibid. 

54 

99 

86 


(flion, 

Angles.,  different  Sorts  of,. 

Antipodes, 

Antceci, 

Animal  Life, 

Aphelium, 

Aqueous  Humour  of  the  Eye, 

Arguments  proving  the  Truth  of  the  Solar 
Syftem,  96,  97 

Armillary  Sphere,  100 

Afcen/ion,  Right,  108.  Oblique,  ibid. 

Afcenjional  Difference,  ibid. 

Atmofphere,  48.  its  Height,  '  ^o,  51 

Astrabiion,  what,  3.  the  general  Law,  4,  5. 


B. 

T^Alance,  Common,  25.  Proportional,  26. 

Deceitful,  ibid.  Roman,  ibid. 

Barometer,  49 

Bucket,  a  particular  Sort,  23 

Burning-Glafs,  7^,  y 7. 

C. 

Am  era  Obfcura,  92 

^  Capillary  Tubes,  6.  Syphon,  43 

Celerity  of  Motion,  12 

Center  Ofcillation,  17.  of  PercuOion, 
of  Magnitude,  21.  of  Motion,  ibid,  of 
Gravity,  22 

Central  Forces,  19,  20^ 

Charablers,  Algebraic,  explain’d,  121,  122 
Chronometer,  ^  17 

Circle,  Horary,  103.  of  Illumination,  ibi^ 
Climate,  ""  1 1 3 

Clocks,  28’ 

Clouds,  to  nrieafure  their  Diflance,,  1 7 

Cohejion,  6,  y- 

Colours  of  Bodies,,  78,  79 

Colures,  102 

Cometarium,  28 

Cometary  Motion  explain’d,.  106 

Comets,  95 

Common  Center  of  Gravity,  23;  of  the 

Earth 
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Earth  and  Moon,  ibid,  of  the  Planetary 
^yftem,  Page  24 

124 

13 

27 

85 
65 

42 
22 
107 
114 
82,  85 

93 
126 

124 
126 

87 

109 
86,  87 

65 
18 


Complement  of  an  Arch, 

Compofition  and  Refoliition  of  Motion, 
Compound  Engines, 

Concave  Mirrours,  82.  Lenfes, 
Concord^  what, 

Conduits^ 

Cone,  its  Center  of  Gravity, 
ConftellationSy 
Continent, 

Convex  Mirrours,  83.  Lenfes, 
Copernican  Syftem, 

Co-Secant  of  an  Angle, 

Co  Sine, 

Co-Pangent, 

Cornea, 

Cofmical  Rifing  of  a  Star, 

Cryjlalline  Humour  of  the  Eye, 
Cupping  explain’d. 

Cycloid, 


D. 


Ellipfts,  Page  99 

Elongation  of  Mercury  and  Venus,  9  7 
Equilibrium,  in  Mechanics,  25.  of  Fluids, 

EquinoSlial,  1 00 

Equinoxes,  102 

Experiments  on  the  Air-Pump,  51,  52,  53 
Extenfioh,  what,  •  2 

Eye,  its  Structure,  86 

F. 

TOErmentation,  55 

Figure  of  the  Earth,  1 7 

Fire  Engine,  44,  45 

Fits  of  eafy  Reflefbion  and  Refraflion,  78 
Fluids,  Compreffible,  80.  Incompreflible, 

ibid. 

Flying,  how  accounted  for,  14 

Focal  Diftance  of  Mirrours,  83.  of  Lenfes, 

ibid. 

Focus  of  Rays,  Real,  82.  Virtual,  83.  Ne¬ 
gative  and  Affirmative,  84 

FriSiion,  27 


1^  Amps, 

^  Day,  how  caufed, 

8,  54 

Friblion  Wheels, 

30 

103 

Frigid  Zone, 

102 

Declination,  108.  to  find. 

109 

Degrees  of  a  Circle, 

123 

G. 

Diameter  of  a  Circle, 

ibid. 

^ Lobes  in  general,  107. 
Problems  thereon,  109, 

Celeftial,  ibid. 

Diapajon.  See  OSlave. 

1 10,  III,  1 12 

Diapente, 

66 

Terreftrial,  112.  Problems  thereon,  1 15, 

Diatejfaron, 

ibid. 

116,  117,  118 

Dipping  Needle, 

9 

Gravitation,  Laws  thereof, 

10 

Diving-Bell  explain’d. 

55 

Gravity,  3.  of  Fluids, 

3b  32.  33 

Divifibility  ot  Matter,  3 

Diurnal  Arch,  102.  Motion  of  the  Earth, 

Gulph, 

1 14 

103,  104,  105.  its  Velocity, 

119 

H. 

Drum  of  the  Ear, 

60 

TJfAlo's,  how  form’d, 

Earmonical  Proportion, 

80 

E. 

67 

Harmony,  what. 

ibid. 

JpArthquakes, 

^  Eccentricity  of  a  Planet, 

8 

Harvefi  Moon  explain’d. 

Ill 

99 

Heat  of  the  Sun, 

103 

Echo,  what, 

63 

Heliacal  Rifing  of  a  Star, 

109 

Eclipfes, 

118 

Hemifpheres,  > 

119 

Fjcliptic,  10 1,  its  twelve  Signs, 

ibid. 

Heterofeii, 

Hiero\  Crown,  a  Problem, 

114 

F.ffiuvia, 

4 

37 

EieSirical  Attradion,  5.  Bodies, 

8 

Horary  Circle, 

103 

EleSlricity,  Laws  of. 

8 

Horizon 

lOl 

Horizontal 
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Horizontal i8.  Sun  and  Moon, 

-  .  Page  74,  75 

Humours  of*  the  Eye,  85 

Hydraulic Sy  what,  39 

Hydrometer^  its  Ufe,  35 

Hydroftatic  Balance,  new,  35.  its  Defcrip- 
tipn,  38 

Hydrojlatic  Paradox,  33.  Problems,  36,  37 


HydrofiaticSf 

Hygrometery 


I. 


U  •  Illuminationy  Circle  of. 
Images  of  Objefts, 

Impetus  of  Proje6lion, 
Inclined  Plane, 

Iron,  its  Magnetifm, 
IJland, 

IfthmuSy 


JLX. 


K. 

Flat  and  Sharp, 

L. 


30 

56 


27 

103 

84 

18 

26 

9 

1 14 
ibid. 


66 

64,  65 


f  AKEy  1 14 

; — *  Latitude  of  the  Sun  or  Star,  108.  of  a 
.  Place,  1 1 2 

of  Nature,  12,13.  of  the  Planetary 
.  Syftem,  20,  21.  of  Spouting  Fluids, 

41,  42 

LenfeSy  82.  Rules  for  their  Fociy  85.  their 
Kinds  and  Effects,  85,  86 

Lever y  24.  five  Sorts  thereof,  25 

Levity  y  10 

Light,  what,  69.  its  prodigious  Velocity, 
:  70,  71.  its  Power  and  Effed:,  7 1 

Line,  what,  2 

Loadjlcne.  See  Magnetifm. 

Longitude --di  the  Sun,  108.  of  any  Place, 

113 

Looking-GlafSy 


M. 


J^AchineSy 
■  Magic  Lanthorn, 


Magnetifin,  5.  Laws  thereof.  Page  9 
Maps  of  the  World,  119 

Matter,  its  common  Properties,  2 

Meafure  of  the  Earth,  118,  119 

Mechanical  Powers,  24 

Mechanics,  its  Obje£b,  1 1 

Melody,  6y 

Melting  of  Metals,  8 

Meridian,  ,  10 1 

Micrometer,  89 

MicrofcopeSy  Single,  89.  Compound,  89, 
90.  Solar,  '  92 

Mirroursy  82.  their  Properties  and  Effects, 
82,  83,  84.  Concave,  82.  Convex,  83. 
Plane,  84 

Mobility  of  Matter,  3 

Momentum  of  Bodies,  12.  of  Fluids,  40 
Mono  chord,  66 

Moon,  95 

Moons  of  Jupiter,  ibid,  of  Saturn,  95,  96 
Motion,  Abfolute  and  Relative,  1 1 .  Equa¬ 
ble,  Accelerated,  and  Retarded,  12.  Per¬ 
petual,  impolTible,  13.  of  Bodies  falling 
freely,  14.  of  Bodies  defcending  on  In¬ 
clined  Planes,  15.  of  Projediles,  18, 
of  Fluids,  how  caufed,  39,  40,  41 
Mufical  Strings,  64.  their  Vibrations,  64, 
65.  Divifion  of  Lines,  6y,  6S 

My  ops,  8  8 


N. 


ibid. 


jEedle,  Magnetic,  9.  Dipping, 

Night, 

Noliurnal  Arch, 

Numbers,  Decimal,  how  diftinguilh’d  from 
the  Whole  Number,  122 


103 

ibid. 


83 


24 

92 


O. 

f^Blique  Sphere, 

^  Ocean, 

Ollave,  what. 

Odours, 

Opacity  of  Bodies, 

Optics,  what, 

Orbits  of  the  Planets, 

Organ  of  Sight,  85.  of  Hearing, 

Orrery,  28.  largely  defcribed,  99,  100 
S  Ota- 


109 

114 

^5 

5 

72 

81 

99 

60 


Otacoujlics, 

Oval, 


P. 


'p.'lrallel  Sphere, 

Pendulums,  i6.  their  Ufes, 
Peninfula, 

Pcrihelium, 

Periceci, 

Perifcii, 

Phafes  of  Venus, 

Philo fophy,  its  End  and  Ufe, 
Plane  Mirrours, 


109 

^7 
1 14 

99 

ibid. 
98 

I 

Planets,  Primary,  94,  95.  Secondary,  95, 
96.  Diredt,  Stationary,  and  Retrograde, 

98 

Polar  Circles,  102 

Polarity  of  the  Loadftone,  9 

Portable  Air-Pump,  57 

Freffure  FJuids,  31,  32 

Principle  of  Mechanics,  24,  25 

Prifmatic  Colours  of  Light,  IS1 

Projediiles,  18.  Problems  thereof,  18,  19 
Projedlion  of  the  Sphere  in  Plant),  1 1 9 

Promontory,  114 

Proportion,  Sign  ufed  in  Eating  it,  122. 

what  it  is,  ibid.  Diredf,  ibid.  Inverfe  or 
Reciprocal,  ibid.  Simple,  ibid.  Dupli¬ 

cate,  ibid.  Triplicate,  123.  Sefquipli- 
cate.  Subduplicate,  and  Subtriplicate,  ib. 
Ptolomaan  Syftem,  935  94 

Pulley,  its  Power,  26 

Pump,  its  Effcdls  explained,  435  52 

Purblind  Eye,  87,  88 

Putrefadlion,  55 

Pyrometer,  1 7 


.  ^ 

r\Uadrant  of  Altitude, 
^adrants  of  a  Circle, 
^adrantal  Arches, 

R. 

T)jddius  of  a  Circle, 
Radius-Vedior, 

Ruinbow,  how  caufed, 

Rays  of  Light, 
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Page  63  Reading  Glafles,  Page  89 

99  Recoiling  of  Guns,  14 

Refledlion  of  Light,  72,  73 

Refradlion  of  Light,  73,  74 

Repulfton,  4 

Refpiration  explained,  54 

Retina,  what,  Sy 

.Retrogradation  of  the  Planets,  98 

Right  Sphere,  1 09 

Rolling  Cone,  23.  Cylinder,  ^  •  ibid. 

Roots,  Cube  and  Square,  their  Charadters, 

122 

Rozving  with  Oars,  '  14 

Rides  of  Philofophizing,  i,  2. 

S. 

CAIL,  Force  of  the  Wind  on  It,  29,  125 
Sap,  how  raifed,  7 

Satellites.  See  Moons. 

Screw,  its  Power,  27 

Sea,  ■  1 14 

Seafons  of  the  Year,  104,  105 

Secant,  of  2in  Kr\g\ty  126 

Secretion  of  Animal  Fluids,  8 

Semidiameter  of  a  Circle,  123 

Signs  of  Addition,  Subftradlion,  Multipli¬ 
cation,  Divifion,  Equality,,  the  Square 
and  Cube  Roots,  iAc.  121,122 

Signs  of  the  Ecliptic,  101 

Sine  of  an  Angle,  124.  of  Inclination,  ib. 

Table  of  Sines,  125 

Solar  Microfcope,.  92.  Syftem,  93,  94,  99. 

Label,  103 

Soldering  accounted  for,  8 

Solid,  what,  2 

Solidity  of  Matter,  3 

Soljlices,  102 

103  Sounds  depend  on  Air,  60.  whence  they  a- 
123  rife,  ibid,  how  propagated,  61.  its  Ve- 

ibid.  locity,  62.  Loud  and  Low,  ibid.  Grave 

and  Acute,  64 

Space,  Abfolute  and  Relative,  i  j 

123  Speaking  Trumpet,  63 

106  Specific  Gravity  of  Solids  and  Fluids,  33, 
79,  80  34.  Table  thereof,  39.  Problems  rela- 

8 1  ting  thereto,  3,6,  3  7 

SpedlacleSy 
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Spe5facles^  Concave,  88.  Convex,  ib.  their 
Properties,  Page  88,  89 

Spring  of  the  Air,  49,  54 

Spring  Seafon,  104,  105 

Springs^  40.  Intermittent,  41.  Reciproca¬ 
ting,  ibid. 

Stars.,  107 

St  at  era.,  or  Steelyard.,  26 

Stentorophonic  Tube,  63 

Strait., 

Summer  Seafon, 

Superficies., 

Supplement  of  an  Arch, 

Swimming,  how  perform’d, 

Syphon,  its  Ufe,  43,  52.  Capillary,  45 

Syringe,  its  Effect;  accounted  for,  52 


Tychonic  Syflem, 
Tympanum, 


V. 


Page  94 
60 


114 

104 

2 

124 

14 


T. 

^Able  of  Specific  Gravities,  39.  of  Sines* 
125.  its  Ufe,  .  ibid. 

Tangent  of  an  Angle,  126 

Tantalus  Cup,  41 

Telefcope,  Refrafting,  90.  their  Imperfe¬ 
ction,  76.  Refleting,  91.  their  Power 
computed,  92 

Temperate  Zone,  103 

Thermometer,  its  Ufe,  56 

Tides,  their  Theory  explain’d,  46,  47,  48 
Tone,  64 

Torrid  Zone,  102 

Tranfparency  of  Bodies,  72,  77 

Triangle,  its  Center  of  Gravity,  22 

Tropics  of  Cancer  and  Capricorn^  102 

Tune.  See  Tone. 


J/'Jcuum,  neceffary,  1 1 

Vapours,  how  raifed,  '  ^  8 

Vegetation,  8 

Velocity,  1 2 

Vibrations  of  Strings,  ific.  64.  furprizing 
Experiment  thereof,  68 

ViciJJitudes  of  Night  and  Day,  103,  104 
Vis  Inertia  of  Matter,  3- 

Vitreous  Humour,  86 

Unifon,  65 

Volcano's,  8 

W. 

JJVJtches,  28 

IVater-Mill,  ibid. 

hVater-Enginc  by  Newjham,  44 

Waves  of  Air,  61.  their  Properties,  61, 

62,  63 

Wedge,  its  Power,  26 

Weight  of  Bodies  immerfed  in  Fluids,  33, 
Wheel  and  Axle,  26- 

Wheel-Q2ccx\z.gt^,  their  Theory,  29 

Wind,  what,  58.  how  caufed,  59.  Varia¬ 
ble,  58.  Conftant,  59,  60.  its  Force  on 
the  Sail,  29,  125 

wind-yaws,  28 

^F?W-Inftruments,  65 

Winter  Seafon,  105 


*yOdiac, 
^  Zones, 


Z. 
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102,  103,  US' 
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